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REMARKS 

Support for the amendment to claim 1 can be found, for 
example, on page 8 of the specification. The amendments to claim 
19 are made to clarify the nature of the cells to which the virus 
is delivered. The amendment to claim 30 simplifies the language 
. of the claim. New dependent claims 33-39 are fully supported by 
the specification and original claims of the application. 
Support for new claims 33 - 37 can be found, for example, on page 
8 of the specification, and in original claims 3, 5, 6, 9, 11 and 
12. New claims 38 and 39 are supported, for example by 
original claims 19, by pages 10 - 11 of the specification and by 
the examples presented in the application. No new matter is 
introduced by these amendments. 

Claims 1-28 and 30-32, all of the claims currently pending 
in the application, remain rejected under 35 U.S.C. § 112, first 
paragraph, on the basis that the specification does not provide 
enablement for a vector comprising a ligand other than 
transferrin non-covalently bound to a virus expressing a gene 
other than p53, a method for providing said vector to an animal 
for treating various cancers alone or in combination with 
radiation or chemotherapy, or a method of providing a vector 
comprising a ligand bound to a virus expressing the p53 gene to 
an animal for treating a brain tumor with or without combination 
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with radiation or chemotherapy. He further asserted that the 
specification only provides data from animal models and that 
there is a difference between animal models and human beings. He 
asserted that the specification fails to provide adequate 
guidance and evidence for the delivery of the claimed vectors to 
a human for treating various cancers and that the delivery would 
result in sufficient expression of the therapeutic product so as 
to provide a therapeutic effect in the human. Finally, he argued 
that the specification also fails to provide adequate guidance 
and evidence for how to deliver the claimed vector comprising any 
of a variety of different vectors comprising any of a variety of 
different cell-targeting ligands and therapeutic agents such that 
the delivery would result in a therapeutic effect in the 
recipient. The examiner concluded that vector targeting to 
desired tissues remains unpredictable and inefficient and that it 
thus would have required undue experimentation to practice over 
the full scope of the claimed invention. This rejection is 
traversed. 

Although the examiner discussed all of the pending claims 
together in making this rejection, Applicants believe it will be 
helpful to address the claims to the composition and the method 
of making the composition (claims 1-18 and 33-36) and the claims 
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to the method of treatment (claims 19-28, 30-32, 38 and 39) 
separately, and the discussion below is so arranged. 

The vectors and method of making them 

On page 2 of the Office Action, the examiner concedes that 
the application is enabling for vectors comprising transferrin as 
the ligand non-covalently and directly bound to an adenovirus 
comprising a nucleic acid encoding p53. There can be no doubt as 
to this, as the application provides examples detailing the 
preparation of such a vector. Similarly, the application 
describes the preparation of vectors comprising transferrin bound 
to an adenovirus that comprises a nucleic acid encoding Lac Z. 
See Examples 2, 7 and 10. In addition, Examples 6 and 8 detail 
vectors comprising the same ligand and nucleic acid, but 
comprising a retrovirus or herpes simplex virus, respectively, 
rather than an adenovirus. 

In addition, in a Declaration submitted with the Amendment 
filed on December 10, 2002, Applicants described the preparation 
of vectors in which molecules other than transferrin, namely a 
single chain antibody fragment (TfRscFv) and a protein (epidermal 
growth factor (EGF) ) , were used as the ligand. 

Applicants thus have provided evidence of making vectors 
comprising three different types of targeting ligands, two 
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different genes and three different viruses. The three viruses 
represent three very different types of viruses, having different 
sizes and mechanisms of action. These viruses are representative 
of three broad classes of viruses: adenoviruses represent small, 
non-enveloped, double-stranded DNA viruses, 70-80 nm in diameter; 
retroviruses carry RNA, rather than DNA, as their genome along 
with the mechanism for transcribing DNA from RNA; and Herpes 
simplex virus is representative of the class of Herpoviridae, 
which are large, enveloped, DNA viruses with an overall diameter 
of 150 nm. Thus, these three examples exemplify different size 
ranges, type of genome and coating (presence or absence of an 
envelope) and are representative of many other viruses in the 
same family and/or classification. Indeed, these three viruses 
are quite representative of the other types of viruses listed in 
the application and set forth in claim 7 to further exemplify the 
broad range of the present invention. Adeno-associated viruses 
are related to adenoviruses. They, too, are small, non- 
enveloped, DNA viruses. Cytomegalovirus is in the same family as 
the Herpes simplex virus; it is a large, enveloped, DNA virus. 
Vaccinia viruses are pox viruses, which, like the Herpes simplex 
virus, are large, enveloped DNA viruses. Fowlpox virus and 
canary pox virus also are, as their names indicate, pox viruses. 
Sindbis virus is a small, RNA virus. Given these illustrations, 
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it is reasonable and appropriate to conclude that vectors in 
accordance with claims 1-18 and 33-37 and comprising other 
viruses can be prepared. 

It also is reasonable and appropriate to conclude that 
vectors comprising other ligands can be constructed. As 
described on page 8 of the application, useful ligands are 
proteins, peptides, hormones, antibodies and antibody fragments 
which specifically target the viral vector to cells which contain 
receptors for the ligand or which can internalize the ligand by 
receptor-mediated endocytosis. Selection of a suitable ligand is 
a matter of routine experimentation based upon -the nature and 
characteristics of the target cells of interest. The scientific 
literature contains numerous papers which describe receptors 
over-expressed on various types of cancer cells. Much research 
has been done to characterize different cancer -types in recent 
years. For example, it is well-accepted that the EGF receptor is 
over-expressed on breast, ovarian and head and neck cancers, thus 
making EGF a desirable targeting ligand for the targeted delivery 
of a virus comprising a therapeutic agent for the treatment of 
these cancers. Similarly, it is well-known to persons of skill 
in the art that estrogen receptors are over-expressed on certain 
types of cancer cells. If one wishes to target such cells, 
estrogen can be used as the targeting ligand. .Alternatively, if 
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one wishes to target angiogenesis resulting from tumor cell 
growth, it is known that angiogenesis is associated with the 
over-expression of the FGF receptor, making FGF a desirable 
targeting ligand. In addition, receptors for various antibodies 
are known to be over-expressed on certain types of cancer cells. 
Antibodies for many of these receptors are commercially available 
and thus easily obtained. 

If one wishes to focus on a cancer less fully characterized 
in the literature, only routine experimentation is required to 
determine useful ligands for targeting a viral vector to the 
particular cancer cell. As noted above, Western blot analyses, 
which are a standard and routine type of test, can be carried out 
to determine if receptors to a ligand of interest are over- 
expressed on a certain type of cell. 

Similarly, the application enables the making of the viral- 
based vectors of the invention. The ligand is bound to the virus 
through simple admixing in a suitable vehicle, such as sterile 
water for injection, routine to persons of ordinary skill in the 
art. The examples of the application well illustrate the 
preparation of vectors in accordance with the present invention. 
The examiner has cited no authority as support for a contention 
that these teachings are insufficient for one of ordinary skill 
in the art to make other vectors. 
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Applicants thus respectfully submit that claims 1-18, and 
new claims 33-37 are enabled by the teachings of the 
specification . 

Methods of Pro viding therapeutic nucleic acid to cells 

Claim 19 is directed to a method of providing a therapeutic 
nucleic acid to an animal suffering from one of a number of 
specific types of cancer by administering to the animal a 
therapeutically effective amount of a vector for delivery of a 
virus comprising the therapeutic nucleic acid to the cancer 
cells, wherein a cancer cell-targeting ligand is directly and 
non-covalently bound directly to the virus and the cancer cells 
contain a receptor for the ligand. Dependent claims focus on 
preferred methods of administration, types of viruses, ligands, 
and therapeutic nucleic acids. In preferred embodiments, the 
ligand is transferrin and the therapeutic nucleic acid encodes 
p53. Claims 25, 26, 30-32 and 39 focus on one or both of these 
preferences. These claims will be discussed first below, 
followed by a discussion of the broader claims. 

Two initial points need to be made, however, which apply to 
all of the method claims. First, the Applicants wish to make 
clear that they are not seeking to patent the viral delivery of a 
therapeutic agent to cancer cells per se. Applicants' invention 
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is a simplified and efficient targeting method for getting a 
virus to a tumor site, and Applicants' claims are so directed. 
The art contains many references to the administration of viral 
vectors containing therapeutic agents; Applicants' invention 
provides a way to more effectively deliver such vectors to the 
cells of interest. In the present claims, the cells of interest 
are certain types cancer cells. 

Second, this rejection of the claims is based in part on the 
examiner's concern, set forth in the paragraph beginning at the 
top of page 5, that the application fails to provide adequate 
guidance for how to treat a brain tumor in an animal. Applicants 
respectfully submit that this concern is irrelevant to the 
pending claims. All of the method claims are limited to a method 
of providing a therapeutic agent to an animal suffering from 
specific cancers, none of which is brain cancer. The specific 
cancers set forth in claim 19 are head and neck cancer, bladder 
cancer, breast cancer, thyroid cancer, ovarian cancer, prostate 
cancer, melanoma or lymphoma. 

Turning now to the other specific points raised by the 
examiner, beginning on page 6 of the outstanding Action, the 
examiner asserts that claim 19 specifies that the animal to be 
treated is human and that the application fails to provide 
adequate guidance for how to provide a therapeutic effect in a 



Serial No. 09/856,270 
Reply to Office action dated February 12, 2003 

Page 16 

human. He argues that the experimental data of animal models 
cannot be extrapolated to human studies, and that there is no 
evidence that delivery of a claimed vector to a human for 
treating any cancer would provide a therapeutic effect. He also 
asserted that the specification fails to provide adequate 
guidance for how to deliver the claimed vector such that it is 
effective via various administration routes and fails to provide 
guidance as to which types of tumors contain a transferrin 
receptor or other claimed ligand receptors. He further asserted 
that there is insufficient guidance for the correlation between a 
specific therapeutic nucleic acid and a particular cancer type 
such that delivery of the nucleic acid can provide a desired 
therapeutic effect for treatment of that cancer. 

As an initial point, Applicants note that claim 19 is not, 
contrary to the examiner's statement, limited to a method of 
administration to humans. The claim encompasses the treatment of 
humans, but the claim does not specify that humans are to be 
treated. 

As noted above, in a preferred embodiment, the therapeutic 
nucleic acid encodes p53. This embodiment is specifically set 
forth in claims 25, 30-32 and 39. It is well-established that 
the administration of a virus carrying a nucleic acid encoding 
p53 does have a therapeutic effect. See, for example, Shimada, 
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H., et al., J. Gastroenterol. 37 (Supp. 14): 87-91 (2002); 
Swisher, S.G. et al., Clin. Cane. Res., 9:93-101 (2003); Swisher, 
S.G. and J. A. Roth, Curr. Oncol. Rep., 4(4):334-40 (2002; 
Makower, D. , et al . , Clin. Cancer Res. 9:693-702 (2003); and 
Pagliaro, L.C., et al., J. Clin. Oncol. 21 ( 12 ): 2247-53 (2003). 
Copies of these papers or abstracts thereof are enclosed. See, 
also, U.S. Patent 6,410,010, cited by the examiner in this Office 
Action. A number of viral vectors comprising nucleic acid 
encoding p53 are in Phase II and Phase III clinical trials for 
the treatment of cancers. It also is well-established in the art 
that the p53 gene is non-functional in over 50% of human tumors 
and is, therefore, a primary target for gene replacement therapy. 
See, for example, Chada, S., et al., Curr. Opin. Drug Discov. 
Devel. 6(2):169-173 (2003), an abstract of which is enclosed. 

Thus, contrary to the examiner's assertion, there is indeed 
evidence, in the form of papers published in respected scientific 
journals, that the delivery of a viral vector comprising a 
therapeutic nucleic acid to a human can provide a therapeutic, 
anti-cancer effect. Many of these current treatment methods, 
such as those described in the papers referenced above, have 
sought to target the viral delivery system through chemical 
conjugation of a target molecule to the virus, usually through a 
linker molecule. The present invention represents an advance 
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over such methods. Not only is the targeting entity not 
chemically conjugated to the virus, but no linker molecule is 
involved. Instead, a targeting ligand is directly and non- 
covalently linked to the virus. The Examples of the application 
show that this method increases transfection efficiency, which, 
in turn, will increase the anti-tumor effect of the therapeutic 
nucleic acid. Again, Applicants wish to point out that their 
invention is not the administration of a therapeutic nucleic 
acid-containing viral vector, per se; their invention lies in a 
method for more efficiently targeting such vectors to the cells 
of interest. 

Claims 26, 30-32 and 39 provide that the targeting ligand is 
transferrin. The examiner asserted that there was insufficient 
guidance in the application as to which types of tumors over- 
express transferrin receptor or other ligand receptors. 
Applicants respectfully submit that they did not need to discuss 
this, as it is well known in the art that most tumors over- 
express the transferrin receptor. Transferrin 'is well-accepted 
as a tumor targeting ligand. See, for example, Singh, M. , Curr. 
Pharm. Des . 5(6):443-451 (June, 1999) ("Transferrin has been used 
as a ligand for delivering anti-cancer drugs or drug-containing 
liposomes mostly due to the increased number of transferrin (trf) 
receptors found on tumor cells as compared to normal cells."); 



Serial No. 09/856,270 
Reply to Office action dated February 12, 2003 

Page 19 

Thorstensen, K. and I. Romslo, Scand. J. Clin. Lab. Invest. 53 
(Suppl. 215) =113-120 (1993) ("Histochemical analysis of the 
presence and abundancy of the transferrin receptor will continue 
to serve as an additional tool in special cases to distinguish 
between malignant and normal cell growth."); and Yang, D.G., et 
al., Anti-cancer Res., 21:1777-1788 (2001) ("Tumor cells in a 
highly proliferative state have a high density of transferrin 
receptors."), copies of which previously have been provided. One 
of skill in the art could readily determine if a particular 
cancer of interest over-expresses the transferrin receptor, such 
that transferrin would be a suitable choice for the targeting 
ligand in a viral vector in accordance with this invention. All 
of the cancer types listed in claim 19 over-express the 
transferrin receptor. 

The examiner expressed concern that gene therapy is 
unpredictable because of the unpredictability and inefficiency of 
targeting vectors to the desired tissues or cells. It is exactly 
that concern which the present invention addresses. Applicants 
have found a simple and efficient way to target viral vectors 
containing a therapeutic agent to target cells. 

The examiner has argued that experimental data from animal 
models cannot be extrapolated to human studies.' Although the in 
vivo experiments provided in the application were carried out in 
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mice, in all but Example 7 the mice were ones in which 
xenografts, i.e., human tumors, had been induced. The use of 
xenograft-induced mice is, in fact, the standard model in the 
field of cancer treatment, as evidenced by the website for the 
National Cancer Institute (NCI), an entire section of which 
focuses on mouse models. The NCI also has a collaborative 
program, the NCI Mouse Models of Human Cancers Consortium 
(MMHCC), and sponsors a variety of other projects to "develop, 
analyze and apply mouse cancer models." In addition, as has been 
noted above, the present invention is not the development of a 
new therapeutic agent per se but a method for targeting a 
therapeutic agent to the specific cells to be treated. The 
examiner has not provided any evidence that a delivery system 
which targets human tumor cells present in a mouse model will not 
also target the same tumor cells present in a human, especially 
when a receptor for the target ligand is well-known to be over- 
expressed on those human tumor cells. 

Applicants respectfully submit that claims 25, 26, 30-32 and 
39 are enabled by their specification. It is known in the art 
that the p53 gene is nonfunctional in a majority of human tumors, 
it is known that all of the types of cancer which are the focus 
of the claims over-express the transferrin receptor, it is known 
that p53 is non-functional in all of these types of cancers, and 
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it is known that viral vectors comprising the p53 gene are 
therapeutically useful, as evidenced by the data being obtained 
in the various Phase II and Phase III clinical trials currently 
ongoing. Applicants have presented data which show that viral 
vectors in which transferrin is directly and non-covalent ly bound 
to the virus do efficiently target cancer cells and have 
efficacy. One of ordinary skill in the art thus could carry out 
the invention set forth in these claims without engaging in undue 
experimentation . 

Applicant further submit that the remaining method claims, 
claims 19-24, 27-28 and 38 also are enabled. As described on 
pages 12-13 above, it would be a matter of routine for one of 
ordinary skill in the art to determine other useful targeting 
ligand for a viral vector comprising a therapeutic nucleic acid. 
Receptors over-expressed on various cancers are known and well- 
described in the literature; others can be determined through 
routine experimentation, such as Western Blot tests. Once the 
ligands are selected and bound to a vector of interest, the 
vector can be administered such that the ligand targets its 
receptor on the cancer cells. 

In arguing the unpredictability of targeting vectors to 
target cells, the examiner relied in part upon a 1996 reference 
by Eck et al. Applicants note that all of the authors' comments 
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highlighted by the examiner refer to unliganded, non-directed 
viral vectors. In contrast, the complexes of the present 
application are tumor-directed, thus overcoming the problem. 
Applicants have shown through their examples that vectors of 
their invention do target cancer cells in both in vitro tests and 
in human xenograft mouse models. Applicants also have 
illustrated intravenous and intratumoral delivery of the vectors, 
and other delivery methods will be known in the art from current 
methods used to administer viral vectors carrying therapeutic 
agents. Applicants thus respectfully submit that the pending 
claims are enabled. 

Claims 1-4, 6, 8-11, 17 and 18 have been rejected under 35 
U.S.C. §102 (b) as anticipated by Douglas et al.', Intl. J. Oncol. 
11:341-348 (1997). The examiner asserted that the reference 
teaches the generation of an adenovirus complex through the 
conjugation of a ligand, folate, to the neutralizing Fab fragment 
of an anti-knob monoclonal antibody and that the conjugate was 
complexed with an adenovirus which can be used to deliver a 
therapeutic gene in cancer gene therapy. 

Claim 1, which defines the vector for delivery of a virus to 
a target cell within a host animal, explicitly -sets forth that 
the vector comprises a cell-targeting ligand and a virus, wherein 
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the ligand is non-covalently bound directly to the virus. This 
is in contrast to the delivery system of Douglas et al., who 
describe a ligand and virus complex in which the ligand is bound 
to the virus through the neutralizing Fab fragment of a 
monoclonal antibody. The present application specifically 
teaches that the direct conjugation of the complexes of the 
present invention are advantageous in comparison to previously 
made complexes precisely because they avoid the harsh chemicals 
and complicated processing steps necessary when the ligand is 
bound to the virus through a monoclonal antibody, linker, 
polylysine or other molecule (see, e.g., page 9, lines 6-10, of 
the specification) . The vector of claim 1 and the claims 
dependent upon it thus represent an advance over prior art 
vectors, such of that taught by Douglas et al./ which require a 
linker between the virus and the ligand. 

The other independent claim of the application rejected as 
anticipated by this reference, claim 17, directed to a method of 
making a vector comprising a ligand and a viru3 for the delivery 
of a virus to a target cell, also explicitly requires that the 
ligand be non-covalently directly bound to the virus. This claim 
thus also is novel over the teachings of Douglas et al. 

Claims 1-4, 6, 8-10, 12, 17 and 18 have been rejected under 
35 U.S.C. §102(e) as anticipated by U.S. Patent 5,994,109, issued 
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to Woo et al. (hereinafter referred to as the '109 patent). The 
examiner asserted that the '109 patent teaches nucleic acid 
transporter systems for the delivery of nucleic acid to cells, 
the transporter system comprising a binding complex, which in 
turn comprises a binding molecule which non-covalently binds to 
the nucleic acid and covalently links to a surface ligand, 
nuclear ligand or lysis agent. The binding molecule, such as a 
cationic peptide, can bind non-covalently to nucleic acid, such 
as viruses, and also can covalently link to a ligand. The 
examiner asserted that the cationic peptide can be considered a 
ligand, which non-covalently can bind to viruses, and it can bind 
to other ligands for cell-specific delivery of nucleic acid. 
This rejection is traversed. 

As discussed above, both of independent claims 1 and 17 
specifically require that the ligand is directly and non- 
covalently bound to the virus. The vectors of the present 
invention thus are simple and elegant two part systems. In 
contrast, the systems disclosed in the '109 patent are all three 
molecule systems, comprising a ligand, a binding molecule and 
DNA. More specifically, the '109 patent describes the binding 
complexes of the invention as comprising a binding molecule which 
noncovalently links to a nucleic acid of interest to be delivered 
to a cell and covalently links to a surface ligand, nuclear 
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ligand and/or a lysis agent (see, for example, the Abstract and 
the last full paragraph of column 4 in the Summary of the 
Invention) . The x 109 patent does not teach or suggest directly 
and non-covalently binding a ligand to a virus. The patent 
teaches two uses of a virus. In some examples, an adenovirus is 
co-transfected with the binding complex. In these instances, the 
virus does not serve to provide the nucleic acid to be delivered 
to target cells but as a lysis agent. Alternatively, in the 
example beginning at line 21 of column 78, the patent teaches a 
complex comprising DNA, folate and an adenovirus in which the 
adenovirus is conjugated to a polylysine which, in turn, is 
conjugated to another polylysine to which folate has been 
chemically conjugated. The example provides that the adenovirus 
was attached to the polylysine "under conditions which 
inactivates the adenovirus binding domain for its receptor." 
Thus, again, the adenovirus does not serve as the source of the 
nucleic acid to be delivered to the target cells. The complex 
made in this example is similar to that described in the example 
beginning at column 82. 

The teachings of the '109 patent thus do not anticipate or 
render obvious the vector of the present invention nor a method 
for making it, as the patent does not teach or .suggest 
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compositions in which a virus is directly and non-covalently 
bound to a cell-targeting ligand. 

Claims 1-4, 6-10 and 19-24 remain rejected under 35 
U.S.C.S102 (e) as anticipated by U.S. Patent 5, 962, 311, issued to 
Wickham et al . (hereinafter referred to as the '311 patent). The 
examiner characterized the patent as teaching a recombinant virus 
comprising a short-shafted fiber to increase the specificity of 
binding and a method of targeting the recombinant virus to a cell 
by contacting the virus vector with a bispecific or multispecif ic 
binding agent that selectively binds by non-covalent interaction. 
This rejection is traversed. 

The v 311 patent teaches genetically engineering an 
adenovirus to have a shorter than normal shaft. The shaft is an 
inherent, normal part of a virus that provides .the means by which 
the adenovirus attaches to its receptor on a cell. As the shaft 
is a part of the virus, it is not a ligand bound non-covalently 
to the virus. 

The '311 patent requires modifying a virus, such that it can 
target a desired target cell, quite different from the present 
invention. More specifically, the patent teaches modifying the 
knob portion of the fiber shaft. The modification results in a 
reduced level or efficiency of the fiber's binding to its cell 
surface receptor while binding of a penton base of the virus to 
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its cell surface receptor is increased. This is said to increase 
the specificity of the binding of the virus to a given cell. 
Alternatively, the virus can be targeted to a cell-surface 
receptor of interest by introducing a non-native amino acid 
sequence into either the penton base or the fiber knob of the 
virus. This non-native amino acid sequence is -described as 
comprising a bispecific or multispecif ic binding agent. This is 
very different from the present invention. 

The patent does not teach or suggest simple direct and non- 
covalent binding to a virus of a ligand which recognizes a 
receptor on a target cell such that the virus can be targeted to 
the target cell, as is required by claim 1 of the present 
application. Neither, therefore, does the patent teach a method 
for providing a therapeutic nucleic acid to an .animal suffering 
from certain types of cancers by administering to the animal a 
virus which comprises the therapeutic nucleic acid and is 
directly and non-covalently bound to a targeting ligand, wherein 
the targeting ligand targets a receptor on the .cancer cells such 
that the nucleic acid is targeted to the cancer cells, as 
required by claim 19 of the present application. The »311 patent 
thus does not anticipate the claimed invention. 
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Claims 5, 25, 27 and 28 remain rejected under 35 U.S.C. § 
103(a) as obvious over the *311 patent in view of U.S. Patent 
6,410,010 issued to Zhang et al. (hereinafter referred to as the 
'010 patent) . The examiner has asserted that although the *311 
patent does not teach using a viral vector to encode the p53 
tumor suppressor gene, the x 010 patent teaches .using an 
adenovirus encoding p53 for gene therapy for cancer cells with 
aberrant p53 functions and that it would have been obvious to use 
a vector in accordance with the '311 patent to deliver the p53 
gene for gene therapy to cancer cells given the teachings of the 
'010 patent. This rejection is traversed. 

As discussed above, the *311 patent does not teach or 
suggest directly and non-covalently binding a ligand to a virus. 
The short-shafted fiber which is the focus of the '311 patent is 
a modified form of a native component of an adenovirus, not a 
moiety which is non-covalently bound to a virus. The *010 patent 
does not compensate for this basic deficiency of the primary 
reference; it focuses simply on recombinant adenoviruses which 
carry a nucleic acid encoding p53 under the control of a CMV 
immediate early promoter. The '010 patent does not teach non- 
covalently and directly binding a ligand to the virus that will 
target cells of interest. Nor do the two references, therefore, 
whether taken independently or together, teach or suggest a 
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method for providing a therapeutic nucleic acid to an animal 
suffering from particular types of cancer by administering an 
effective amount of a vector comprising a virus which comprises 
the therapeutic nucleic acid and is directly and non-covalently 
bound to a ligand which targets the cancer cells due to the 
presence of a receptor for the ligand on the cancer cells. As 
has been stated above, the present invention is the discovery 
that by directly and non-covalently binding a ligand which 
recognizes a receptor on target cells, such as certain types of 
cancer cells, one can efficiently target a known therapeutic 
agent, carried in a virus, to the target cells, thereby enabling 
the therapeutic agent to reach its intended goal. As the cited 
references do not teach or suggest binding such a ligand to a 
virus, they do not render the claims of this application obvious. 
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In view of the foregoing amendments and arguments, 
Applicants respectfully submit that the claims pending in this 
application are in condition for allowance. 
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p53 gene therapy for esophageal cancer. 
Shimada H, Matsubara H, Ochiai T. 

Department of Academic Surgery, Chiba University Graduate School of 
Medicine, Chiba 260-8670, Japan. 

Despite improvement of surgical treatment and application of multimodality 
therapies to advanced esophageal cancer, the prognosis is extremely poor for 
patients with unresectable tumors. Based on the genetic background of 
esophageal cancer, we have developed various gene therapy strategies 
against human esophageal cancer. In this article, we review molecular events 
of esophageal cancer and p53 gene therapy approaches for its treatment. 
First, we analyzed p53 genetic alterations and angiogenesis in esophageal 
cancer. Second, we tested a p53 recombinant adenoviral vector 
(Ad5CMV-p53). Significant growth suppression was observed following 
infection with Ad5CMV-p53 in human esophageal cancer cell lines. This 
observation suggests that Ad5CMV-p53 may be a potentially effective 
therapeutic agent for locally advanced esophageal cancer. Promising 
avenues for investigation include double gene therapy and adjuvant use of 
gene therapy with radiation therapy. Third, based on recent reports of 
clinical trials of p53 gene therapy for lung cancer and head and neck cancer, 
we developed a clinical protocol for p53 gene therapy for unresectable 
advanced esophageal cancerrThisxlirrical trial was planned to evaluate 
vector tolerability and efficacy. Up to December 1, 2001, four patients were 
enrolled in this phase I/LT trial. No serious adverse events related to 
Ad5CMV-p53 have occurred so far in these patients, and the trial has been 
safely conducted. 

Publication Types: 
o Review 
o Review, Tutorial 
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Induction of p53-regulated Genes and Tumor Regression in Lung 
Cancer Patients after Intratumoral Delivery of Adenoviral p53 
(INGN 201) and Radiation Therapy 1 
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ABSTRACT 

Purpose: We designed a prospective single arm Phase II 
study to evaluate the feasibility and mechanisms of apoptosis 
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induction after Ad-p53 (INGN 201) gene transfer and radi- 
ation therapy in patients with non-small cell lung cancer. 

Experimental Design: Nineteen patients with nonmeta- 
static non-small cell lung cancer who were not eligible for 
chemoradiation or surgery were treated as outpatients with 
radiation therapy to 60 Gy over 6 weeks in conjunction with 
three intratumoral injections of Ad-p53 (INGN 201) on days 
1, 18, and 32. 

Results: Seventeen of 19 patients completed all planned 
radiation and Ad-p53 (INGN 201) gene therapy as outpa- 
tients. The most common adverse events were grade 1 or 2 
fevers (79%) and chills (53%). Three months after comple- 
tion of therapy, pathologic biopsies of the primary tumor 
revealed no viable tumor (12 of 19 patients, 63%), viable 
rumor (3 of 19 patients, 16%), and not assessed (4 of 19 
patients, 21%). Computed tomography and bronchoscopic 
findings at the primary injected tumor revealed complete 
response (1 of 19 patients, 5%), partial response (11 of 19 
patients, 58%), stable disease (3 of 19 patients, 16%), pro- 
gressive disease (2 of 19 patients, 11%), and not evaluable (2 
of 19 patients, 11%). Quantitative reverse transcription- 
PCR analysis of the fourpJi related genes [p21 (CDKN1A), 
FAS, BAK, and MDM2] revealed that Bak expression was 
increased significantly 24 h after Ad-p53 (INGN 201) injec- 
tion and levels of CDKN1A and MDM2 expression were 
increased over the course of treatment. 

Conclusions: Intratumoral injection of Ad-p53 (INGN 
201) in combination with radiation therapy is well tolerated 
and demonstrates evidence of tumor regression at the pri- 
mary injected tumor. Serial biopsies of the tumor suggest 
that BAK gene expression is most closely related to Ad-p53 
(INGN 201) gene transfer. 

INTRODUCTION 

Many genes involved in signal transduction, cell cycle 
control, and apoptosis have been implicated in the etiology of 
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cancer (1-3) and with elucidation of the mechanisms of action 
of the products of these genes, many have become potential 
therapeutic targets (4). The tumor suppressor gene, p53, nor- 
mally responsible for detecting damaged DNA and either di- 
recting repair or committing a cell to apoptosis (programmed 
cell death), is mutated or otherwise altered in >50% of human 
cancers, including 40-70% of NSCLCs 3 . Altered p53 has been 
associated with poor prognosis in patients with many types of 
cancers (5-8), and several gene replacement-based therapeutic 
strategies for cancer are in clinical trials (4). However, the 
precise mechanisms of apoptosis associated with induction of 
tumor suppressor gene function in human cancers in situ have 
not been previously identified. 

Because of the apparent links between p53 and apoptosis 
and between apoptosis and radiation, we extended our previous 
studies of Ad-p53 gene therapy in NSCLC and initiated a 
clinical trial of Ad-p53 (INGN 201) combined with external 
beam ionizing radiation. We report successful gene transfer, low 
toxicity, and evidence of tumor regression. In addition, we 
examined the effects of Ad-p53 {INGN 201) in combination with 
radiation on cell function by examining expression of several 
genes known to be regulated by p53: p21 (CDKN1A), FAS, 
BAK, and MDM2. BAK expression, alone, was significantly 
increased 24 h after injection of Ad-p 5 3 (INGN 20 J) and thus 
appeared to be the marker most acutely up-regulated by Ad-p53 
(INGN 201), providing the first demonstration of the induction 
of an apoptotic pathway by tumor suppressor gene expression in 
actual human cancers. 

MATERIALS AND METHODS 

Protocol Approval and Data Analysis. The protocol 
used in this study was approved by the Biosafety and Surveil- 
lance Committees of The University of Texas M. D. Anderson 
Cancer Center, the Recombinant DNA Advisory Committee of 
the NIH, and the United States Food and Drug Administration. 
The authors had full access to all of the data in this study and 
take complete responsibility for the integrity of the data and the 
accuracy of the data analysis. 

Gene Transfer Vector. Ad-p53 (INGN 201) was sup- 
plied by Introgen Therapeutics, Inc. (Houston, TX), in frozen 
aliquots containing 1 X 10 12 vp/ml in PBS containing 10% 
glycerol. Construction and generation of the vector was reported 
previously (9). Briefly, a replication defective adenovirus sero- 
type 5 was constructed by replacing the viral El region with a 
p53 expression cassette consisting of a wild-type p53 gene 
flanked by the cytomegalovirus promoter and the SV40 poly- 
adenylation signal (9). 

Eligibility Criteria and Treatment Protocol. Patients 
enrolled in the study had histologically proven nonmetastatic 
NSCLC (stage I — III) with measurable disease. Patients were 
ineligible for chemoradiation or surgery because of significant 
comorbidities, age, or obstructed bronchi. Initial treatment with 



3 The abbreviations used are: NSCLC, non-small cell lung cancer; vp, 
viral particles; CT, computed tomography; CR, complete response; PR, 
partial response; SD, stable disease; PD, progressive disease; wt-p53, 
wild-type p53. 



radiotherapy was judged to be the accepted standard of care. The 
presence of a p53 mutation in the tumor was not a requirement 
for study entry. 

Study treatment consisted of intratumoral needle injections 
of Ad- P 53 (INGN 201) on days 1,18, and 32 of treatment in an 
outpatient setting. Radiation therapy was administered concur- 
rently over 6 weeks, beginning on day 4, to a total of 60 Gy and 
was directed at the primary tumor and mediastinal lymph nodes 
if involved. Vector administration was performed by intratu- 
moral injection of the primary tumor either through a flexible 
bronchoscope or by CT guided percutaneous needle as previ- 
ously described (10). Tumors > 4 cm in the largest diameter 
were injected with 10 ml divided into three separate sites, 
whereas tumors with a diameter of <4 cm were injected in a 
single site with 3 ml. Ad-p53 doses were escalated initially in 
cohorts of three for the first 9 patients (3 X 10", 1 X 10 12 , and 
3 X 10 12 vp of Ad-p53). All subsequent patients received the 
highest dose (3 X 10 12 vp). Core biopsies were obtained from 
indicator lesions on days 1, 18, 19, and 32 and 3 months after 
treatment. 

Response and Toxicity. The toxic effects of therapy 
were evaluated according to the National Cancer Institute's 
Common Toxicity Criteria (1 1). An independent Data Monitor- 
ing Committee whose members were not affiliated with either 
the University of Texas M. D. Anderson Cancer Center or the 
sponsor of the trial assessed response to therapy. Assessments 
were made of overall response (including metastatic sites) and 
response of the injected tumor (excluding metastatic disease). 
The Data Monitoring Committee used standard criteria with CT 
and bronchoscopic findings and not pathologic biopsies (12). 
Response of the primary injected tumor focused only on the 
primary tumor, excluding progression at metastatic sites. 

Survival duration was measured from beginning of therapy to 
date of last follow-up or death. Time to progression for metastatic 
(pleural effusions, pulmonary nodules, systemic metastases) and 
locoregional disease (primary tumor and mediastinal or hilar lymph 
nodes) was defined as the time from beginning of therapy to 
documented progression. Patients who did not demonstrate pro- 
gression were censored at the time of last follow-up. 

Radiation Therapy. External radiation therapy was 
given by linear accelerator 1 8 or 6 Mv with a total dose of 60 Gy 
calculated at the isocenter in 30 fractions over 6 weeks without 
inhomogeneity correction. The margins ranged from 2 to 2.5 cm 
around the gross target volume. 

Real-Time PCR and Reverse Transcription-PCR. 
Probes and primers used in this study were designed using the 
Primer Express software (version 1 .0; Perkin-Elmer). Sequences 
are available upon request. To avoid amplification of contami- 
nating residual genomic DNA, probe and primer sets for each 
gene were designed around the junction region of two exons so 
that they are mRNA-specific. 

To determine the copy number of Ad-p53 virus in each cell, 
viral DNA extracted from Ad-p53 was used as an absolute 
standard, and the B-actin gene was used as a reference gene to 
count cell numbers. Briefly, calculation of p5 3 virus copy num- 
ber was accomplished by plotting a B-actin standard curve, 
using human genomic DNA (from Perkin-Elmer) as a standard 
(1 ng of DNA equals -303 genome equivalents) and comparing 
the results of the clinical samples with the standard using 
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3-actin probes. This resulted in the number of genomes (cells) 
in each sample. The number of p53 virus copies in each sample 
was determined by comparing with a separate p53-vmis stand- 
ard curve (plotted using />JJ-viral DNA standard.) This value 
was corrected for the presence of inflammatory cells. 

For quantitative real-time reverse transcription-PCR, hu- 
man total RNA was used as a relative standard and human 
GAPDH gene served as an internal control for relative mRNA 
amount. Real-time PCR was performed in the ABI Prism 7700 
Sequence Detection System according to the manufacturer's 
protocol. 

Statistical Considerations. The purpose of this nonran- 
domized Phase I/II study was to evaluate the efficacy of Ad-p53 
(INGN 201) gene therapy as an adjunct to radiation therapy in 
the treatment of patients with NSCLC. The primary end point 
for evaluation was the local control of tumor at 3 months. The 
study was designed to test the null hypothesis that the 3-month 
local control rate is 20% versus the alternate hypothesis that the 
rate is 40% using a one-sided exact binomial test with an ct level 
of 5%. The sample size of 49 patients provided a power of 83%. 
An interim analysis after 1 5 patients was included in the design. 

Data from 17 of 19 patients enrolled in this study were 
analyzed. For each patient, the gene expression for p53 and 
GAPDH were measured in duplicate at four distinct time points: 
time 0 = baseline, before any therapy; time 1 = on day 18 after 
the first Ad-p53 {INGN 201) injection and after 2 weeks of 
radiation therapy but before the second Ad-p53 (INGN 201) 
injection; time 2 = on day 19, 24 h after the second Ad-pS3 
{INGN 201) injection and after 2 weeks of radiation therapy; and 
time 3 = at day 32, before the third Ad-p53 (INGN 201) 
injection and after 4 weeks of radiation therapy. Ratio of the 
marker gene and GAPDH was calculated to estimate the amount 
of target gene expression. The coefficient of variation (defined 
as SD divided by the mean) was computed to estimate the 
precision of the duplicate experiment. Modulation of gene ex- 
pression over time was assessed by comparing the ratios of the 
target gene between two time points. Exact binomial test was 
applied to test the null hypothesis of no modulation by assuming 
that the probability of up-regulation (or down-regulation) equals 
to 0.5. Two-sided Ps were calculated. Duplicate experiments 
were done when adequate tissue samples were available (pa- 
tients 16, 15, 13, 12, and 1 1 at time 0, 1, 2, and 3, respectively). 
The coefficient of variation ranged from 0 to 1.21 with a median 
of 0.2. There were 78 and 97% of the samples with coefficient 
of variation < 0.5 and 0.8, respectively, indicating good repro- 
ducibility between the duplicate experiments. The precision was 
similar among all four time points. 

RESULTS 

Patient and Tumor Characteristics. Nineteen patients 
(8 female, 11 male; median age, 74, age range, 53-91) with 
nonmetastatic NSCLC who were not eligible for chemoradiation 
or surgery were enrolled in this Phase II study (Table 1) between 
April 30, 1998, and May 4, 2000. The date of last follow-up was 
April 1, 2002, with a median follow-up of 36 months. All 
patients had histologically determined viable NSCLC on pre- 
treatment tumor biopsies. Nine patients had locoregionally ad- 
vanced NSCLC (5 stage IIIA and 4 stage IIIB) and were 



ineligible for chemoradiation because of poor performance sta- 
tus, age, comorbidities, or obstructed bronchi. Ten patients with 
stage I and II NSCLC (2 stage I A, 5 stage IB, and 3 stage IIB) 
were ineligible for surgery because of poor pulmonary function 
tests or significant comorbidities. 

Patients were treated with radiation therapy to 60 Gy over 
6 weeks, in conjunction with three intratumoral injections of 
INGN 201 (on days 1, 18, and 32) via CT guidance (15 patients) 
or bronchoscopy (4 patients) administered into the primary 
tumor (for dose assignment see Table I). Seventeen of 19 
patients received all planned treatment, whereas 2 patients did 
not complete therapy because of tumor progression (patient no. 
18) or early death (patient no. 6). Two additional patients did not 
receive tumor biopsies 3 months after completion of therapy 
because of tumor progression (patient no. 10) or weakness 
(patient no. 19). The presence of a p53 mutation in the primary 
tumor was not required for entry into the study because previous 
studies in animal models, as well as in clinical trials, have 
shown no clear relationship between p53 mutational status and 
response to INGN 201 treatment (10, 13-15). 

Seventeen of 19 patients completed the radiation therapy 
according to the protocol with a total tumor dose of 60 Gy in 30 
fractions (2 Gy/day) by high energy (>6 Mv) accelerated pho- 
tons. The duration of the radiation therapy ranged from 39 to 50 
days with the median duration as 44 days. There were no major 
protocol violations such as prolonged interruption of radiation 
therapy or administration of nonstudy anticancer therapy among 
the 17 patients. 

Antitumoral Efficacy. Three months after completion of 
radiation therapy and Ad-pS3 (INGN 201) therapy, antitumoral 
efficacy was determined with CT scan evaluation (16 of 19 
patients) and pathologic examination of biopsies (15 of 19 
patients). Pathologic examination of biopsies 3 months after 
completion of therapy revealed no viable tumor in 12 patients 
(12 of 19, 63%) and viable tumor in 3 of 19 patients (16%). 
Tumors of 4 patients (4 of 19, 21%) were not biopsied because 
of tumor progression (patients nos. 10 and 18), early death 
(patient no. 6), or weakness (patient no. 19). The study was 
closed to additional accrual after the planned interim analysis 
after 19 patients. 

Assessment of the primary injected tumor 3 months after 
completion of therapy (Table 1, Fig. 1, A and B) was performed 
by an external review board with CT and bronchoscopic find- 
ings and demonstrated: a CR in 1 patient (1 of 19, 5%); PR in 
1 1 patients (1 1 of 19, 58%); stable disease in 3 patients (3 of 19, 
16%); and PD in 2 patients (2 of 19, 1 1%). Two patients (2 of 
19, 11%) were nonevaluable because of tumor progression 
(patient no. 18) or early death on treatment day 69 (patient no. 6). 

Overall tumor response (including metastatic disease ap- 
parent at the time of posttreatment evaluation) was determined 
by an external review board, based on CT, bronchoscopic, and 
clinical findings. CR was seen in 1 patient (1 of 19, 11%), PR 
in 5 patients (5 of 19, 26%), SD in 1 patient (1 of 19, 5%), and 
PD in 11 patients (11 of 19, 58%). Six patients progressed 
locoregionally (4 primary injected tumor alone, 1 primary in- 
jected tumor, and mediastinal lymph nodes [lymph nodes irra- 
diated but not injected with Ad-p53 (INGN 201)], 1 mediastinal 
lymph node alone [not irradiated or injected with Ad-p53 (INGN 
201)]. With an intention to treat analysis and median follow-up 
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Table J Characteristics of NSCLC patients and tumors after treatment with intratumoral injection of Ad-p53 and radiation therapy 

Baseline 



Ad-p53 
Patient dose (viral Age 
no, particles) (yr) Gender Histology" Stage 



of primary Injected 



tumor 
(cm 2 ) 


site 
response 1. 


3-month 
biopsy'' 


Locoreg 
recur' 


Distant 


Overall 
response^ 


4X4 


PR 


Pos 


No 


Yes 


PD 


4X4 


PR 


Neg 


No 


No 


PR 


3X5 


CR 


Neg 


No 


No 


CR 






Neg 


Yes 


Yes 


PD 


8X5 


PR 


Neg 


No 


Yes 




9X7 


NE* 


NE* 


No 


No 


PD 


4X4 


PR 


Neg 


Yes* 


Yes 


PR 


4X3 


PR 


Pos 


Yes 


No 


PR 


5X5 


SD 


Pos 


No 


No 


SD 


5X7 


NE* 


NE S 


No 


Yes 


PD 


5 x 5 


PR 


Neg 


No 


No 


PR 


3 X 2 


PR 


Neg 


No 


No 


PR 


6X7 


PR 


Neg 


No 


Yes 


PD 


2X3 


SD 


Neg 


No 


Yes 


SD 


3X2 


PD' 


Neg 


No 


No 


PD' 


8X5 


PR 


Neg 


Yes* 


Yes 


PD 


3x6 


PR 


Neg 


Yes 


Yes 


PD 


9X9 


PD 


NE S 


Yes 


Yes 


PD 


2X3 


PR 


NE g 


No 


Yes 


PD 


: squam, squamous cell c 


arcinoma; adeno, adenocarcinoma. 



Male 

Male 16 

Male 

Female 

Male 
Male 

Male 

Male 
Female 
Female 
Male 



Squam 
Squam 

Squam 
Squam 



RUL 
LUL 

bronchus 
RUL 

bronchus 
RLL 
LUL 
LLL 
RUL 
RUL 
RUL 



bronchus 
LUL 
RUL 
RUL 
LLL 
RUL 
RUL 
RUL 

bronchus 
LUL 
RLL 



Location of primary tumor injected with Ad-p53 (1NGN 201) . „ luo 111JBWU uy ulWKlmsaj 

KUU right upper lobe; RLL, right lower lobe; LUL, left upper lobe; LLL, left lower lobe. 

c Response of injected primary rumor determined 3 months after completion of therapy as determined by external re 
response; PR, partial response; SD, stable disease; PD, progressive disease; NE, not evaluable. 



w board. CR, complete 



^ Pathologic biopsy of tumor obtained 3 months after completion of therapy by CT 
' Locoregional and metastatic recurrence determined by serial bronchoscopy or CT 
primary tumor or locoregional lymph nodes (mediastinal or bronchial). Metastatic 
organs, pulmonary nodules, and pleural effusions. 

r Overall response determined 3 months after completion of therapy by external 
18 19^' eVa ' Uab ' e because P atient died before biopsy (patients nos. 6, 10) or 

* Mediastinal lymph nodes that were not injected with INGN 201 
tumor that was irradiated and injected with INGN 201 decreased in size 
nodes that were both in radiation portals. 
' PD because CT scan showed ' ' 



core needle, or bronchoscopic biopsy. 
. Locoregional recurrence defined as progression in 
3fined as progression in distant sites, including other 

review board. Clinical progression of disease (patient no. 6). 
refused biopsy because of disease progression (patients nos. 

radiation portals increased in size (patient no. 16), whereas the primary 
snt no. 7 developed progression in primary tumor and mediastinal lymph 



1 Patient no. 18 did not complete INGN 201 and radiation therapy treatment because of clinical progression. 



of 37 months, overall survival analysis by Kaplan Meier is 47% 
at 1 year and 26% at 3 years (Fig. 2A). Five patients are 
currently alive without evidence of disease 34-48 months after 
the start of treatment. Eleven patients have developed clinically 
diagnosed distant metastases (5 pleural effusions, 2 pulmonary 
nodules, 1 bone, 1 brain, 1 brain, and s.c. nodules and 1 adrenal). 
Median time to progression has not been reached (Fig. 25) for 
locoregional disease and is 9.2 months for metastatic disease 
(Fig. 2Q. 

Adverse Events. All patients received radiation therapy 
and INGN 201 gene therapy as outpatients. The most common 
adverse events associated with Ad-p53 [INGN 201) vector ad- 
ministration and radiation were grade 1 or 2 fevers (79%), pain 
(68%), chills (53%), and pneumothoraces (37%; Table 2). All 
pneumothoraces were managed on an outpatient basis, with 
observation or percutaneous catheters. Radiation therapy was 



associated with primarily grade 1 or 2 esophagitis (47%), ano- 
rexia (21%), or weakness (58%). Grade 3 (severe) or grade 4 
(life threatening) toxicity was noted in 6 of 19 (33%) patients 
and consisted of atrial arrhythmias, anemia, weakness, anorexia, 
pain, nausea, dyspnea, confusion, hypotension, and hallucina- 
tion. The combination of Ad-p53 (INGN 201) and radiation 
therapy did not appear to increase toxicity over what was 
expected with radiation therapy alone based on previous expe- 
rience (16, 17). No patients discontinued radiation therapy or 
Ad-p53 (INGN 201) because of treatment-related adverse 
events. In addition, no treatment related deaths were observed. 

Assessment of Gene Transfer by Ad-p53 (INGN 201). 
The presence of Ad-p53 vector-specific DNA and mRNA was 
assessed (Table 3) by quantitative real-time PCR in preinjection 
(day 18 after entry into the protocol) and 24 h after injection 
(day 19) biopsy specimens. The p-actin genome number is 
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thL iniiri^! • nf ^ '« n U K ii T be ' Um °[ unable t0 under S° sur S er y because ° f P°° r pulmonary function and cardiac disease. Patient received 
three injections of\ Ad-pS3 3 X 10 vp) via bronchoscope in combination with radiation therapy (60 Gy; A). Pathologic biopsy negative for viable 

fZ-ln m T r ZT Pl T" °l th ™ P Z (BX * P /' ient "°- 31 right UppCr ,0be tumor Unable 10 be trea ' ed Wlth ™Z"y because of 8 poor puLonary 
function and inehgble for chemotherapy because of cardiac disease and obstructed bronchus (5/29/98). Patient was treated with three injections of 
Ad-p53 (3 X 10 vp) and radiation therapy (60 Gy) by bronchoscopy (5/29/98) with a CR 3 months after completion of therapy (10/8/98) and no 
pathologic evidence of tumor 29 months after therapy (12/11/00). 



given in the table in parentheses as a positive control to show the 
presence of DNA in the sample. All values were corrected for 
the percentage of nontumor cells present in the biopsy. 

Ad-p53 vector-specific DNA was detected in biopsies from 
9 of 12 patients with paired biopsies (day 18 and day 19). No 
Ad-p53 vector-specific DNA was detected in pretreatment bi- 
opsy specimens before the first Ad-p53 injection (data not 
shown). The ratio of copies of Ad-p53 vector DNA to copies of 
(3-actin DNA was 0.15 or higher in 8 of 9 patients (range, 
0.05-3.85) with 4 patients having a ratio >0.5. For 1 1 patients 
with adequate samples for both vector DNA and mRNA anal- 
ysis, 8 showed a postinjection increase in mRNA expression 
associated with detectable vector DNA. Postinjection increases 
in p53 mRNA were detected in 11 of 12 paired biopsies ob- 
tained 24 h after Ad-p53 (INGN 201) injection, with 10 of 1 1 
increasing 3-fold or greater (P < 0.005). Comparison of Ad-p53 
mRNA levels in days 18, 19, and 32 biopsy specimens to 



pretreatment biopsies also showed a highly statistically signifi- 
cant increase (data not shown; P < 0.005). Preinjection biopsies 
that were negative for p53 protein expression by immunohisto- 
chemistry were stained for p53 protein expression after Ad-p53 
(INGN 201) injection. Staining results confirmed that the p53 
protein was expressed in the posttreatment samples in the nuclei 
of cancer cells (data not shown). 

Effect of Ad-p53 (INGN 201) Gene Transfer on mRNA 
Expression of/?55-regulated Genes. Previous in vitro exper- 
iments in human NSCLC cell lines identified four genes [p21 
(CDKN1A), MDM2, FAS, and BAK] that showed the greatest 
increase in mRNA expression after induction of p53 overex- 
pression with Ad-p53 (data not shown). Therefore, in the current 
study, changes in mRNA levels for these four markers were 
determined at various time points before and during treatment 
using reverse transcriptase real-time PCR (Table 4). The study 
was controlled by obtaining a pretreatment biopsy under the 
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Fig. 2 A, overall survival of all patients (n = 19) entered on trial with 
Ad-p53 (INGN201) and radiation therapy. B, locoregional time to progres- 
sion of all patients (n = 19) entered on trial with Ad-p53 (INGN 201) and 
radiation therapy. C, metastatic time to progression of all patients (n = 19) 
entered on trial with Ad-p53 (INGN 201) and radiation therapy. 



same conditions as the posttreatment biopsy. The inclusion of a 
time point during the radiation treatment allowed for a biopsy to 
be performed immediately before and 24 h after Ad-pS3 injec- 
tion, thus allowing determination of the effects of the Ad-p53 on 
mRNA expression during treatment. An increase in mRNA 
expression was defined as a ratio >2 compared with GAPDH; 
a decrease was defined as a ratio <0.5; any value between 0.5 
and 2 was considered no change. The exact binomial two-sided 
test was used to test the null hypothesis of no modulation 
between time points. The time intervals in Table 4 refer to: 
(a) change between day 18 (immediately before injection) and 
day 19 [24 h after Ad-p53 {INGN 201) injection]; and (b) change 
between day 0 (before initiation of all treatment) and days 18, 
19, and 32 (days after initiation of treatment). 



For p21 (CDKN1A) mRNA, increases of statistical signif- 
icance were noted 24 h after Ad-P53 injection (time interval 1, 
borderline, P = 0.07) and during treatment, as compared with 
the pretreatment biopsy (time interval 2, P = 0.02). In the case 
of MDM2 mRNA, increases of statistical significance were 
noted during treatment compared with the pretreatment biopsy 
(time interval 2, P = 0.04). Levels of FAS mRNA did not show 
statistically significant changes during treatment. BAK mRNA 
expression increased significantly 24 h after injection of 
Ad-p53(lNGN 201 ; time interval 1 , P = 0.04) and thus appeared 
to be the marker most acutely up-regulated by Ad-p53 (INGN 
201) injection rather than Ad-p53 (INGN 201) and radiation 
therapy (time interval 2, P = 0.80). There were too few speci- 
mens to find a statistical correlation with gene up-regulation and 
clinical outcome. 



DISCUSSION 

Conventional radiation and sequential chemoradiation 
strategies provide poor locoregional control of NSCLC, with 
only 15-20% local control at 1-2 years (16, 17). In an effort to 
determine whether Ad-p53 (INGN 201) could enhance locore- 
gional control, this trial was designed to evaluate not only 
radiographic responses but also pathologic biopsies 3 months 
after completion of therapy. A previous study by Le Chevalier 
et al. (16) resulted in a negative pathologic biopsy rate 3 months 
after completion of radiation or sequential chemoradiation of 
only 17-20%. Although our study cannot be compared directly 
with this study, the high number of pathologic negative biopsies 
(63%, intention to treat) and the large number of radiological 
responses at the primary tumor site [60% major response (PR or 
CR), intention to treat] in a patient population that was unable to 
tolerate chemoradiation or surgery is encouraging. Because sur- 
vival in locoregionally advanced NSCLC is also dependent on 
control of metastatic disease, Phase III randomized studies will 
be necessary to determine whether the potential improvement in 
locoregional control achieved by Ad-p53 (INGN 201) and radi- 
ation therapy can translate into improved overall survival. Our 
study did, in fact, demonstrate a high metastatic failure rate (Fig. 
2C), which may have been expected because chemotherapy 
could not be administered to these high-risk patients. In future 
studies, we plan to address metastatic relapse by adding chem- 
otherapy to the combination of Ad-p 5 3 (INGN 201) and radia- 
tion therapy. 

It is encouraging that strategies designed to improve lo- 
coregional control in locoregionally advanced NSCLC such as 
concurrent chemoradiation or fractionated radiation therapy 
have led to improved survival (17-19). The Japanese Clinical 
Oncology Group and the Radiation Therapy Oncology Group 
recently reported improved survival in locoregionally advanced 
NSCLC when concurrent chemoradiation rather than sequential 
chemoradiation was used, presumably because of the radiation 
sensitizing effect of concurrent chemotherapy (19-21), al- 
though toxicity appeared increased with concurrent chemother- 
apy. Additionally, subset analysis of these studies have demon- 
strated that concurrent chemoradiation might not be as effective 
in elderly or poor performance status patients, in part, because 
of increased toxicity (22). These observations suggest a thera- 
peutic window for Ad-p53 (INGN 201) and radiation therapy 
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Table 2 Highest grade adverse event (AE) observed in 19 patients during Ad-p53 (INGN 201) and radiation therapy 
events" Grade \ b " Drarfp 7 b - c M> i*<^ n~.j„ *b.c t_ .' 



Total patients with AE rf 



Pain 

Weakness 

Nausea 

Chills 

Esophagi tis 

Dyspnea 

Vomiting 

Pneumothorax 

Arrhythmia 

Hemoptysis 

Anorexia 

Hypotension 

Anemia 

Confusion 

Hallucination 



2(11) 
7(37) 
4(21) 
9(47) 
7(37) 
6(32) 
6(32) 
5(26) 
4(21) 
5(26) 
4(21) 
3(16) 



4(21) 
0 

3(16) 
3(16) 
1(5) 
3(19) 
3(16) 
0 

2(11) 



1(5) 
3(16) 



1(5) 
1(5) 
2(11) 
1(5) 
1(5) 



15(79) 
13 (68) 
11(58) 
10(53) 
10(53) 
9(47) 
8(42) 
8(42) 
7(37) 
7(37) 
6(32) 
4(21) 
2(11) 
2(11) 
1(5) 
1(5) 



" Adverse events listed as descriptive or verbatim term from medical records, not otherwise coded 
Toxicity defined by National Cancer Institute common toxicity criteria (Grade 1-4); percentage of patients with this level of toxicity i, 



parentheses. " " ~ ~ " " ' 

aremhes^s ^ a$S0Qiated W ' th Ad ' p33 (INGN 20,) and radiation thera Py treatment; percentage of patients with this level of toxicity 

J ' r --' -• - " ts treated with Ad-pSi (INGN 201) and radiation therapy with AE. 



in parentheses. 

J Total number of patif 



Table 3 Detection of Ad-P53 vector-specific DNA and mRNA in biopsy specimens by real-time PCR 



Ad-p53 DNA PCR 

Ad-p53 copy number: (3-actin genome" Ad-p53 mRNA reverse transcriptase PCR" 

(copies of p-actin genome) p S3 mRNA: GAPDH mRNA 



Patient no. 


Preinjection* 


Postinjection 17 


Preinjection 


Postinjection 


1 


neg 4 (68) 


neg (112) 


218 


5308 


2 


neg (149) 


3.85 (92) 


<1 


23280 


3 
4 


neg (71) 


3.06 (60) 


25 


5 


neg (94) 


neg (267) 


176 


766 


6 


neg (334) 


0.05 (458) 


35 


170502 


7 


neg (17) 


0.71 (73) 


167 


11365 


8 


neg (347) 


0.39 (220) 


20 


33 


9 


neg (1221) 


neg (1666) 


<I 


2214 


10 


neg (285) 


0.19(611) 


<1 


94 


11 

12 


neg (200) 


0.24 (219) 


18 


220 


13 


neg (194/ 


2.76 (248) 


7 


701 


14 
15 


0.16 (408) 


neg (421) 




16 
17 






113 


78 


18 
19 










" Values represent the mean of duplicate samples. 
*Day 18. 
c Day 19. 

''neg, not detectable in biopsy; sensitivity of the quantitative DNA PCR is 
transcription-PCR, the sensitivity is between 10 and 100 copies by quantitation in r 
' na, biopsy not available. 

-^Pretreatment biopsy was obtained before day 1 injection. 


one copy as determined by stan 
un-off transcription assays (data n 


dard curves; for the reverse 
ot shown). 



because this novel strategy demonstrated no dose-limiting tox- 
icity with concurrent use and was limited only by manufacturing 
considerations. Although these patients were often ineligible for 
chemoradiation because of age or significant comorbidities, 
only 34% of the patients suffered a grade 3 or higher adverse 
event, and all patients were treated as outpatients. In the future, 



Ad-p53 (INGN 201) may, in combination with chemoradiation, 
provide enhanced survival by increasing locoregional control 
without increasing toxicity. 

Another major goal of this study was to determine the 
molecular mechanism by which Ad-p53 {INGN 201) and radi- 
ation therapy-induced cell killing. We therefore performed mul- 
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Table 4 Changes in mRNA levels of marker genes at various time points before and during treatment 
Patients with Patients with 
Time increased* mRNA decreased' mRNA 
interval" levels levels p 



BAK 



0.04'' 



" Time interval 1 interval between day 18 [immediately before injection of Ad-P53 (INGN 201)] and day 19 [24 h after Ad-p53 (INGN 201) 
injection]; time interval 2 = change between day 0 (before initiation of any treatment) and days 18. 19, and 32 (days after inifction of S, ent) 
two-fold or greater increase over pretreatment value. '' 

„nrh!n F J^ °\ ^fT ^7 ™ P° m P retreatment vaSue < P atient sam P les classified as either an increase or decrease are considered 

unchanged or not available for analysis from a total of 16 possible specimens. 
" Statistically significant, P < 0.05. 



tiple biopsies throughout the study to evaluate the time course of 
the induction of several apoptosis-related genes and their rela- 
tionship to p53 gene transfer and radiation therapy. We demon- 
strated for the first time in human cancers in situ, the induction 
of expression of several genes closely linked to p53, including 
MDM2, p21 (CDKNJA), and BAK. Our study showed that, 
although p21 (CDKNJA) and MDM2 appeared to be modestly 
up-regulated in rumors injected with Ad-p53 (INGN 201), it was 
the proapoptotic gene BAK that showed significant up-regula- 
tion within 24 h of Ad-p53 (INGN 201) injection. Because of the 
study design, it remains possible that radiation alone had an 
effect on the marker genes independent of Ad-p53 (INGN 201) 
administration. A study by Bishay el al. (23), however, showed 
that BAK mRNA remains at a constant level in cells with 
endogenous wt-p53 after radiation. Thus, our observation of an 
increase in BAK links this specifically to the forced overexpres- 
sion of p53 by Ad-p53 (INGN 201) gene transfer. Previously, 
Pearson et al. (24) showed up-regulation of BAK protein ex- 
pression in lung cancer cell lines in response to forced over- 
expression of p53. Bishay et al. (23) also showed increased 
expression of p21 (CDKN1A) in B lymphoblastoid cells, sug- 
gesting that radiation in the presence of wt-p53 can induce p2 1 
(CDKN1A) expression. However, in our study, this cannot be 
specifically attributed to forced overexpression of p53 because 
radiation can achieve this with low levels of wt-p53. In lung 
tumors with nonfunctional wt-pS3, which likely includes most 
of tumors in our study, the restoration of wt-p53 function prob- 
ably contributed to the increases in p21 (CDKNJA) expression. 

The role of these genes in mediating tumor regression and 
apoptosis in patients will require further study. However, pre- 
vious studies have shown conclusively that forced overexpres- 
sion of p53 by both retroviral and adenoviral vectors is associ- 
ated with marked increases in the apoptotic fraction of NSCLC 
cells in biopsies taken 72 h after injection of Ad-p -5 3 as shown 
by terminal deoxynucleotide transferase-mediated biotin UTP 
nick-end labeling staining (10, 13, 25). The up-regulation of the 
proapoptotic gene BAK may, in part, be responsible for this 
effect, although this study cannot determine whether Ad-p53 
was responsible because radiation was administered simulta- 
neously. Although many genes may be under the regulatory 



control of p53, we initially screened several NSCLC cell lines 
for those apoptosis-associated genes most strongly up-regulated 
by forced p53 overexpression. Thus, although our study does 
not include all known p53 regulated genes, it provides important 
confirmation of the cell culture findings and a methodology for 
future studies. 

Future clinical trials will explore the combination of 
Ad-p53 (INGN 201) gene transfer and chemoradiation to address 
both metastatic and locoregional disease. The antitumoral po- 
tential of these strategies is supported by preclinical data that 
suggests the combination of all three treatments (Ad-p53, chem- 
otherapy, and radiation therapy) is synergistic and may lead to 
enhanced antitumoral activity without increased toxicity. 4 This 
study has been an important foundation for future studies be- 
cause it provides a molecular mechanism for the enhanced 
antitumoral activity with sequential tumor biopsies and quanti- 
tative analysis of /?55-regulated genes. It confirms that after 
Ad-p53 (INGN 20J) gene transfer and radiation therapy, wt-p53 
gene expression increases dramatically with subsequent induc- 
tion of BAK, MDM2, and p2J (CDKN1A). In the future, these 
molecular markers may help clinicians to identify those patients 
most likely to respond to Ad-p53 (INGN 201) gene transfer 
strategies. 
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p53 Gene therapy for lung cancer. 
Swisher SG, Roth JA. 

Department of Thoracic and Cardiovascular Surgery, The University of 
Texas M.D. Anderson Cancer Center, 1515 Holcombe Boulevard Box 445 
Houston 77030, USA. sswisher@mdanderson.org 

The gene transfer of the tumor suppressor p53 gene has been shown to 
induce tumor regression in preclinical models. Recent phase I and II studies 
have been completed in lung cancer with adenoviral-mediated transfer of 
wild-type p53 (Ad-p53) either alone or in combination with chemotherapy 
or radiotherapy. These studies have demonstrated acceptable toxicity and 
evidence of tumor regression with intratumoral delivery of Ad-p53. The 
predominant clinical effect appears to be locoregional in the area of 
intratumoral delivery. Further phase III studies are needed to determine if 
Ad-p53 will play a therapeutic role as a novel agent to treat non-small-cell 
lung cancer. 
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ABSTRACT 

Purpose: ONYX-015 is a genetically modified adenovi- 
rus with a deletion of the E1B early gene and is therefore 
designed to replicate preferentially in p55-mutated cells. A 
Phase II trial of intralesional ONYX-015 was conducted in 
patients with hepatobiliary tumors to determine the safety 
and efficacy of such a treatment. 

Experimental Design: All patients had biopsy-proven, 
measurable tumors of the liver, gall bladder, or bile ducts 
that were beyond the scope of surgical resection. Patients 
received intralesional injections of ONYX-015 at either 6 x 
10 9 or 1 x 10 10 plaque-forming units/lesion up to a total dose 
of 3 X 10 10 plaque-forming units, and i.p. injections were 
allowed in patients with malignant ascites. The status of p53 
was assessed by immunohistochemistry or Affymetrix 
GeneChip microarray analysis. Studies were conducted for 
viral shedding and for the presence of antiadenoviral anti- 
bodies before and after the injection of ONYX-015. Patients 
were assessed for response and toxicity. 

Results: Twenty patients were enrolled, and 19 patients 
were eligible. Half of the patients had primary bile duct 
carcinomas. Serious toxicities (> grade 2) were uncommon 
and included hepatic toxicity (three patients), anemia (one 
patient), infection (one patient), and cardiac toxicity (one 
patient, atrial fibrillation). Sixteen patients were e valuable 
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for response. Among these evaluable patients, 1 of 16 (6.3%) 
had a partial response, 1 of 16 (63%) had prolonged disease 
stabilization (49 weeks), and 8 of 16 (50%) had a >50% 
reduction in tumor markers. Of the 19 eligible patients, 18 
(94.7%) had specimens available for p53 analysis. Fifteen of 
these 18 patients (83.3%) had evidence of p53 mutation by 
one or both methods, although the methods correlated 
poorly. Viral shedding was confined to bile (two of two 
patients) and ascites (four of four patients). Pretreatment 
adenoviral antibodies were present in 14 of 14 patients and 
increased by 33.2% after ONYX-015 treatment. 

Conclusions: Intralesional treatment with ONYX-015 
in patients with hepatobiliary tumors is safe and well toler- 
ated, and some patients had evidence of an anticancer effect 
The high incidence of pS3 mutations in these tumors makes 
this a logical population in which to test this therapy but 
precludes definitive evaluation about the necessity of a p53 
mutation for ONYX-015 clinical activity. 

INTRODUCTION 

ONYX-015 (dll520, CI- 1042) is a type 2, type 5 chi- 
meric Ad 3 that has been genetically modified by disruption of 
the coding sequence of the M z 55,000 E1B protein and by 
insertion of point mutations that generate stop codons in the 
early coding sequences to prevent the expression of NH 2 - 
terminal protein fragments that might have biological activity 
(1). These modifications were designed to allow ONYX-015 
to replicate preferentially in tumors with defects in the p53 
pathway, which, in addition to mutations in p53 itself, could 
also include loss of pl^ function or overexpression of 
MDM2; the selectivity of this approach derives from the fact 
that nearly all nonneoplastic tissues have wild-type p53 (2). 
ONYX-015 has demonstrated antineoplastic effects in vitro 
against a wide range of human tumor cells, including numer- 
ous carcinoma lines with either mutant or normal p53 gene 
sequences (3, 4). In a Phase I clinical trial of intralesional 
injection in patients with head and neck cancer, dose-limiting 
toxicity was not reached at 1 X 10 1 1 pfu, and ONYX-015 was 
able to be administered safely, with a predominant toxicity of 
fevers in 21% of patients (5). In Phase II trials, administered 
as a single agent (6) or in combination with chemotherapy 
(7), ONYX-015 has demonstrated clinical activity. There- 



3 The abbreviations used are: Ad, adenovirus; pfu, plaque-forming 
unit(s); IHC, immunohistochemistry; CT, computed tomography; 
ECOG, Eastern Cooperative Oncology Group; FNA, fine-needle aspi- 
ration; CR, complete response; PR, partial response; PD, progressive 
disease; SD, stable disease; CPE, cytopathic effect; PBST, phosphate- 
buffered saline with 0.1% Tween-20. 
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fore, it has been proposed that this agent be studied in tumors 
refractory to conventional therapeutic agents (8). 

Cancers of the liver, bile ducts, and gall bladder are an 
important clinical problem worldwide and will account for more 
than 17,000 deaths in the United States in 2002 (9). Whereas 
each has a distinct natural history, etiology, and clinical course, 
tumors of the liver, bile ducts, and gall bladder share several 
common features. They are embryologically related (10) and 
locally aggressive tumors (11), and once beyond the scope of 
surgical resection, they are generally refractory to nearly all 
commonly used chemotherapeutic agents (12, 13). Furthermore, 
these rumors have a high rate of p53 mutation (14-17), sug- 
gesting that they may be attractive candidates for p53 -targeted 
therapy such as ONYX-015. 

To investigate this question, we initiated a Phase II trial of 
ONYX-015 in patients with hepatobiliary tumors to assess the 
antitumor efficacy and toxicity of this agent. Because these 
tumors are generally locally invasive, intralesional therapy was 
administered. The status of p53 was evaluated by complemen- 
tary methods, IHC and Affymetrix GeneChip analysis, which 
uses microarray technology to detect mutations in exons 2-1 1 of 
the gene. 

Current concerns regarding therapy that uses a replicating 
Ad include the risk of infection to patient contacts, especially 
those who are immunosuppressed, and the potential futility of 
using an Ad in patients who already have antiadenoviral anti- 
bodies. To address the first question, we collected body fluids 
and measured viral shedding at various time points after viral 
injection. To address the second question, antiadenoviral anti- 
body levels were measured before treatment and again at 1-3 
weeks after injection. Our results demonstrate that intralesional 
injection of ONYX-015 can be administered safely in patients 
with hepatobiliary tumors with evidence of antineoplastic ef- 
fects despite the presence of antiadenoviral antibodies and that 
the risk of horizontal transmission is probably low. The preva- 
lence of p53 mutations in these tumors was higher than expected 
using the combination of IHC and Affymetrix analysis. 

PATIENTS AND METHODS 

Administrative. This was a single-institution, prospec- 
tive Phase II trial. The protocol was approved by the Investiga- 
tional Drug Branch of the Cancer Therapy Evaluation Program 
(National Cancer Institute, NIH), by the Protocol Review Com- 
mittee of the Albert Einstein Cancer Center, and by the Institu- 
tional Review Board and Biosafety Committees of the Monte- 
fiore Medical Center. 

Eligibility. Patients were required to have an advanced or 
metastatic carcinoma of the hepatobiliary system (including 
hepatocellular carcinoma, cholangiocarcinoma, carcinoma of 
the gallbladder, or carcinoma of the ampulla of Vater) that was 
beyond the scope of surgical resection. All patients had meas- 
urable disease, accessible by either CT-guided percutaneous 
needle aspiration or endoscopy, ECOG performance status of 0 
or 1, and adequate organ function, defined as a leukocyte 
count > 3.5/mm 3 , platelets s 100,000/mm 3 , serum creatinine < 
2.0 mg/dl, and aspartate aminotransferase and alanine ami- 
notransferase =s 4X the upper limits of normal. Patients with an 
elevated total bilirubin > 3X the upper limit of normal due to 



biliary obstruction by tumor were eligible for this trial. Patients 
were allowed to have received <2 prior chemotherapeutic reg- 
imens but must have had no treatment for at least 4 weeks before 
study entry. Patients who were carriers of hepatitis B were 
excluded from protocol entry to eliminate the theoretical possi- 
bility that inactivation of p53 by the hepatitis B X antigen might 
lead to replication of ONYX-015 in normal liver parenchyma of 
hepatitis B carriers (18). Other exclusion criteria included re- 
placement of >50% of liver by tumor, coagulopathy that could 
not be easily corrected to a prothrombin time <15 s, prior 
malignancy within 5 years (other than resected basal cell carci- 
noma of the skin), family history of malignancy suggestive of 
Li-Fraumeni Syndrome, brain metastases, presence of active 
infection or other uncontrolled comorbid condition, pregnancy 
or lactation, requirement for immunosuppressive or antiviral 
(including antiretroviral) medication, and prior treatment with 
adenoviral vectors. All patients signed an informed consent 
form approved by the Montefiore Medical Center Institutional 
Review Board. 

Treatment Patients were admitted to the hospital 1 day 
before ONYX-015 administration. To prevent abscess formation 
in lesions injected with ONYX-015 that might undergo rapid 
necrosis, the first eight patients treated received prophylactic 
antibiotic coverage with oral erythromycin (1 g every 6 h) and 
kanamycin (1 g every 6 h), beginning on the day before ONYX- 
015 administration and continuing for 24 h after treatment. In 
addition, patients received i.v. ticarcillin/clavulanate (3.1 g ev- 
ery 4 h) and gentamycin (80 mg every 8 h). Patients allergic to 
penicillin received vancomycin (1 g every 12 h), aztreonam (2 
g every 8 h), and metronidazole (500 mg every 6 h). Antibiotics 
began on the day before ONYX-015 administration and contin- 
ued for 1 week after treatment. The protocol was subsequently 
amended to eliminate prophylactic antibiotics, and the remain- 
ing patients received antibiotics only in the case of presumed 
infection. 

ONYX-015 was administered intratumorally in the radiol- 
ogy suite under computed tomographic guidance (Fig. 1, A and 
B). The dose of drug was fixed and was not adjusted for body 
surface area, but it was adjusted for the projected volume of the 
lesions. The first two patients were initially treated with a total 
dose of 6 X 10 9 pfu. After these patients demonstrated no 
significant toxicity, the dose of ONYX-015 was escalated to 1 X 
10 10 pfu/lesion, with a maximum dose of 3 X 10'° pfu. The 
volume of injection was one-third of the total tumor volume, 
delivered into one to three areas of the lesion. Specifically, 
lesions < 2 cm received one injection, lesions of 2-4 cm 
received two injections, and lesions > 4 cm received three 
injections. Patients with malignant ascites could also receive i.p. 
ONYX-015 at a dose of 1 X 10 10 pfu. 

Immediately before ONYX-015 treatment, a FNA was 
performed at the injection site for histological confirmation of 
tumor at the site (Fig. \D), as well as for p53 analysis by both 
IHC (Fig. \E) and p53 probe array. Samples for p53 Affymetrix 
analysis were snap frozen in liquid nitrogen and stored at 
-80°C. A maximum of three lesions (including ascites) were 
treated at one time. Patients with more than three injectable 
lesions were eligible to return 2 weeks after the original treat- 
ment to receive treatment of up to three additional lesions. 
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Fig. 1 Administration of ONYX-01 5 to a patient with a cholangiocarcinoma. A, contrast-enhanced CT scan shows a tumor in the porta hepatis (thick 
arrow) extending into the right and left intrahepatic bile ducts. There are multiple biliary stents (asterisk) with adjacent bilomas (thin arrows). B 
unenhanced CT scan 1 week later shows a 20-gauge spinal needle used for injection of ONYX-01 5 into the tumor. C histological specimen 
demonstrates nests of glandular tumor cells in scirrhous background (arrow). D, cytologic specimen from the same site as shown in B demonstrates 
the presence of adenocarcinoma (arrow). E, immunohistochemical staining of specimen from the same site as shown in B for p53 demonstrates dark 
cells that overexpress p53 (arrow). 



Patients who tolerated treatment and did not develop PD were 
eligible for retreatment at 3-week intervals. 

The first eight patients treated were observed in the hospi- 
tal on i.v. antibiotics and under contact and droplet isolation 
protocols for 1 week after receiving ONYX-01 5. In the absence 
of both massive hepatic necrosis and evidence of viral shedding, 
the protocol was amended to allow stable patients to be dis- 
charged on the day after ONYX-01 5 administration. 

Samples of urine, sputum, and, when possible, bile and 
ascites were obtained daily for 1 week after the first ONYX-01 5 
treatment to assess the presence of viral shedding. Serum was 
also obtained from a subset of these patients before treatment 
and at 1 and 3 weeks after the first treatment for evaluation of 
Ad-specific antibodies. 

Response Evaluation. Patients were evaluated for re- 
sponse every 6 weeks, by CT scan and tumor markers (CEA, 
CA19-9, CA125, and, in hepatoma patients, AFP). Radio- 
graphic response was defined as follows: CR was defined as 
disappearance of all radiographic evidence of tumor, normaliza- 
tion of all tumor markers, and stabilization or improvement in 
performance status, persisting for at least 4 weeks. PR was 
defined as an at least 50% reduction in the sum of the products 
of the perpendiculars of all measurable lesions without the 
appearance of new lesions, stabilization or improvement in all 
tumor markers, and stabilization or improvement in perform- 
ance status, persisting for at least 4 weeks. PD was defined as an 
at least 25% increase in the sum of the products of the perpen- 
diculars of all measurable lesions. Appearance of a new lesion 
was not considered PD if all injected lesions were stable or 
responding and the patient was clinically stable. Patients not 
meeting criteria for CR, PR, or PD were classified as SD. 

Because of the difficulty of measuring drug effect on liver 
lesions and specifically because many of these lesions were 
highly scirrhous with only minimal nests of tumor cells (Fig. 
1C; Ref. 11), biochemical assessment of response was also 
measured. Tumor marker response was defined as a 50% reduc- 



tion in at least one serum tumor marker that was elevated 
pretherapy, associated with SD radiographically and stable or 
improved performance status. 

Analysis of p53 Status. Because ONYX-01 5 is postu- 
lated to replicate only in tumors in which p53 is mutated or in 
which the p53 pathway is deregulated, p53 status was assessed 
by both IHC and Affymetrix GeneChip analysis. Lesions to be 
injected with ONYX- 15 were individually sampled by CT- 
guided FNA biopsy. A pathologist was present in the radiology 
suite at the time of FNA to ensure that material procured from 
radiologically localized lesions was representative of the carci- 
noma. FNA material from each pass was immediately smeared 
onto several charged slides, although the number of slides 
prepared was dependent on the volume of material aspirated. At 
least one slide prepared from each site was air dried and imme- 
diately stained with Diff-Quick stain for microscopic adequacy 
assessment. If Diff-Quick-stained material was deemed nondi- 
agnostic or insufficient, additional passes from the lesion were 
requested of the radiologist. All remaining slides were fixed in 
95% ethanol and subsequently designated for either p53 IHC or 
routine Papanicoloau staining. Slides for IHC were fixed for 
20-30 min, air dried, and processed for staining on the same or 
the subsequent day. IHC staining with p53 antibody (diluted 
1:50; DAKO) was performed on the DAKO Autostainer Uni- 
versal Staining System and developed using the DAKO En Vi- 
sion"*" mouse peroxidase kit with DAKO DAB + chromogen. 
Brown nuclear staining of any intensity within tumor cells was 
interpreted as evidence of p53 immunoreactivity. There was 
generally insufficient tissue for cellblock preparation, and the 
limited volume of material obtained also precluded the use of 
smears as negative controls. 

Analysis of p53 by Affymetrix GeneChip. Qiagen 
DNA Mini kits (Qiagen, Valencia, CA) were used to extract 
genomic DNA from the same CT-guided FNA used for IHC. 
These samples were placed on ice at the time of acquisition. The 
genomic DNA was amplified with PCR using the GeneChip p53 
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primer set (Affymetrix, Santa Clara, CA) and Amplitaq Gold 
DNA polymerase (Applied Biosystems, Foster City, CA) ac- 
cording to the Affymetrix instructions for p53 target prepara- 
tion. The coding regions of the human p53 gene were amplified 
as 10 separate amplicons in a single multiplex reaction. The 
DNA amplicons were then fragmented using the GeneChip 
Fragmentation Reagent (Affymetrix) according to the manufac- 
turer's instructions. Fragmented DNA amplicons were labeled at 
their 3' ends with a fluoresceinated dideoxynucleotide (fluores- 
cein-ddCTP) and the BioArray terminal labeling kit for DNA 
probe array assays (Enzo Diagnostics, Farmingdale, NY) ac- 
cording to manufacturer's instructions. Labeled fragments were 
then placed in hybridization buffer [6X saline-sodium phos- 
phate-EDTA, 0.05% Triton X-100 (Sigma, St. Louis, MO), 2 
mg/ml acetylated BSA (Life Technologies, Inc., Grand Island, 
NY), and 2 nM control oligonucleotide Fl (Affymetrix)]. Gene- 
Chip p53 probe arrays (Affymetrix; Ref. 19) were hybridized to 
labeled fragments and washed on GeneChip Fluidics Station 
400 according to the manufacturer's instructions. The probe 
arrays were scanned (GeneArray Scanner 2508; Affymetrix) 
and analyzed using the Microarray Suite software version 5.0 
(Affymetrix). 

Analysis of Viral Shedding. Because of concerns about 
transmission of ONYX-015 via secretion into body fluids, viral 
shedding was measured in urine, ascites, bile, and peripheral 
blood. Initially, attempts were made to collect sputum; however, 
this was unsuccessful. Two assays were used. In the CPE assay, 
HEK293 human embryonic kidney cells were grown to 90- 
100% confluence in a 12.5-cm 3 plug seal flask. Two hundred 
and fifty u.1 of patient ascites, bile, urine, or serum were diluted 
in 200 |jl1 of DMEM. When necessary, pH was adjusted to 
7.2-7.4 with 50 u.1 of sodium bicarbonate [7.5% (w/v)]. Media 
covering the cells were removed, and 500 u,l of the diluted 
samples were added. The samples were incubated at 37°C with 
5% C0 2 for 1 h, with gentle rocking every 20 min. After 
incubation, 10 volumes (5 ml) of DMEM containing 2.5% fetal 
bovine serum, 4500 mg/liter glutamine, 100 mIU/ml penicillin, 
and 100 u^g/ml streptomycin were added. Cells were inspected 
daily for evidence of CPE for up to 14 days. If CPE was 
apparent, cells were harvested and stored at — 80°C. Frozen cells 
were thawed at 37°C, and cellular debris was removed by 
centrifugation at 453 X g for 15 min. Supernatant was filtered 
through a 0.22 u,m nitrocellulose filter, and 500 u.1 of the filtered 
supernatant were then used to reinfect confluent HEK293 cells. 
After the second infection, 10 volumes (5 ml) of 2.5% fetal 
bovine serum in DMEM with glutamine, penicillin, streptomy- 
cin, and 2.5 u.g/ml Fungizone were added to each of the flasks. 
Where CPE was evident in the second infection, cells were 
harvested and stored at -80°C until DNA purification. Infection 
assays were scored positive for ONYX-015 only after verifica- 
tion by PCR. Contents of flasks in which CPE was witnessed 
after the second infection assay (above) were thawed and cen- 
trifuged to remove cellular debris. Supernatant (200 jjlI) was 
used with the Qiagen DNA Blood Mini Kit, according to the 
manufacturer's recommended protocol. DNA was eluted in 35 
fjul of nuclease-free water and stored at -80°C until PCR was 
performed. Every effort was made to prevent cross-contamina- 
tion between samples at all times. For extraction from serum, 
ascites, and biliary drainage, 200 u,l of sample were used di- 



rectly with the Qiagen kit according to the manufacturer's 
recommended protocol, with elution in 35 u.1 of nuclease-free 
water. 

The second assay used nested PCR to detect virus. PCR of 
purified viral DNA was performed with primers specific for the 
ONYX-015 virus. Both primer pairs are specific for a region of 
salmon sperm DNA inserted into the virus during its generation. 
This region is present on the plasmid dl309, which was used as 
a positive control for the PCR. The following primers were used 
to amplify a 585-bp region of the salmon sperm DNA: Int309S, 
ctgctgccatgttgtgttgctaccat; and Int309AS, acctaccgggaagtcat- 
caaatgaac. PCR was carried out in 50 jjuI containing 1 X Taq 
buffer (Eppendorf), 1 X Taq enhancer, 100 nM deoxynucleotide 
triphosphates, 100 nM each primer, 1.7 units of Taq polymerase 
(Eppendorf), and 10 u.1 of purified viral DNA as template. The 
reactions were carried out at 95°C for 3 min, followed by 95°C 
for 30 s, 60°C for 30 s, and 72°C for 1 min for 35 cycles, and 
concluded with a 10-min extension at 72°C. Two u,l of the initial 
PCR product were used as a template in a nested PCR reaction. 
Conditions for the nested PCR were the same as those for the 
first-round PCR. The following primer pair was used to amplify 
an internal 335-bp fragment of DNA: ne309S, cctttgcgttctgg- 
taggccg; and ne309AS, ctgtgaagagcacagggcgcc. Gel electro- 
phoresis was performed on the second-round PCR product. 
Thirty u,l of sample were run on a 0.8% agarose gel for detection 
of transcripts. 

Detection of Ad-specific Antibodies by ELISA. 
ONYX-015 was diluted in PBS and stored overnight at 4°C at 
1 X 10 8 particles/well. Wells were washed five times with PBS 
+ 0.1% Tween 20 and blocked for 1 h in PBST + 1% BSA at 
37°C. Serial dilutions of serum samples were made in PBST + 
0.1% BSA and added to wells in triplicate. After a 2-h incuba- 
tion at 37°C, wells were washed three times, and antihuman 
horse radish peroxidase antibody (Promega) was added at a 
dilution of 1:10,000. After a 1-h incubation at 37°C, wells were 
washed three times, and O-phenylenediamine substrate was 
added. Fifteen min later, absorbance at 450 nm was read on a 
Bio-Rad Model 550 microplate reader. 

Statistical Analysis. Sample size was calculated based 
on Simon's "minimax" design (20). Standard ECOG response 
criteria were used to measure response to treatment (21). In the 
first stage, 1 3 patients were accrued. If no patients respond, the 
study is closed, and a response rate of 20% is ruled out with 95% 
confidence. If at least one response is observed among the first 
13 patients, 14 additional patients are accrued. If the true re- 
sponse rate is at least 20%, this would be detected with 95% 
confidence at a power of 80%. 

RESULTS 

Patient Demographics. Based on the planned statistical 
design of the trial, there was one responder among the first 14 
patients, and the plan was to continue the trial to 36 patients; 
however, the trial was terminated administratively because of 
drug shortage. As shown in Table 1, 20 patients were enrolled. 
Half of the patients had bile duct tumors (cholangiocarcinoma or 
carcinoma of the ampulla of Vater). Most of the patients were 
previously untreated, and all were ambulatory. For one patient, 
who never received treatment, the diagnosis could not be his- 
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Table I Demographics Table 3 Response to treatment (n = 



Enrolled patients 
Eligible patients 
Evaluable patient 
Male:female 
Age (yrs) 
Median 

Range 34-78 
ECOG performance status 0:1 5:15 
Site of primary lesion 

Cholangiocarcinoma 9 
Gall bladder carcinoma 5 
Hepatocellular carcinoma 5 
Carcinoma of the ampulla of Vater 1 
Prior chemotherapy 0:1:2 12:6:2 
* No tissue confirmation in one patient. 



Table 2 Toxicities (n = 19) 

National Cancer Institute common 
toxicity criteria grade 
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Leukopenia 
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Anemia 
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Thrombocytopenia 
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Myalgias 


10 
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Abdominal pain 


12 
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0 


0 


Infection 


18 
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0 


0 


1 


Nausea/vomiting 


16 
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2 


0 


0 


Hepatic 


14 


1 




2 


1 


Cardiac 


18 


0 


0 


1 


0 


Arthritis 


18 


0 


1 


0 


0 


Hypertension 


18 


0 


1 


0 


0 


Hypotension 


18 


0 


1 


0 


0 



tologically confirmed at the planned site of injection, and this 
patient was therefore ineligible. Among the remaining 19 pa- 
tients, 49 cycles (mean, 3 cycles/patient; range, 0-6 cycles/ 
patient) of therapy were administered. The median number of 
lesions treated was 3 (range, 0-6 lesions). In addition, four 
patients received i.p. therapy for malignant ascites. 

To confirm the safety and tolerability of ONYX-015 in- 
tralesional therapy, a planned dose escalation was incorporated 
into the study design. The first two patients received 6 X 1 0 9 
pfu/lesion, and the same patients were subsequently escalated to 
a dose of 1 X 10 10 pfu/lesion with a maximum dose of 3 X 10 10 
pfu. The remaining patients received 1 X 10 10 pfu/lesion with a 
planned maximum dose of 3 X 10 10 pfu, which was delivered to 
all subsequent patients. 

Toxicities. As shown in Table 2, among the 19 eligible 
patients, therapy was well tolerated The one episode of cardiac 
toxicity was atrial fibrillation, which was asymptomatic and 
required medical therapy only. In retrospect, this patient's atrial 
fibrillation had likely predated her treatment with ONYX-015. 
Hepatic toxicity generally resolved spontaneously when related 
to therapy or, alternatively, was secondary to disease progres- 
sion. No patients had sequelae from altered liver functions, and 
the single incidence of grade 4 hepatic toxicity was related to 



disease progression rather than viral-induced liver failure. Like- 
wise, the single grade 4 infection was related to tumor progres- 
sion resulting in sepsis. Postinjection fever, chills, and myalgias 
were frequent but mild and self-limited. Hematological toxicity 
was also mild. There were no complications resulting from the 
injection, including bleeding or infection. 

Response to Treatment Among the 1 9 eligible patients, 
16 were evaluable for response to therapy. Three patients died 
before completing their first response assessment of causes felt 
to be unrelated to study treatment. The first, a 74-year-old man 
with metastatic cholangiocarcinoma and portal hypertension, 
died of a variceal bleed 10 days after receiving ONYX-015 
treatment. The second, a 43-year-old woman with cholangiocar- 
cinoma, died of a cerebrovascular accident 22 days after receiv- 
ing ONYX-015. The third patient, a 43-year-old woman with 
cholangiocarcinoma, developed sudden onset of hypothermia, 
hypotension, and metabolic acidosis 14 days after ONYX-015 
treatment and died of presumed sepsis 24 h later. No causative 
organism was identified. 

Among the 16 patients evaluable for response, there was 
one (6%) PR in an injected lesion lasting 13.5 weeks (Table 3). 
In addition, 8 of 16 (50%) evaluable patients had declines of at 
least 50% in at least one serum tumor marker, associated with 
SD radiographically, and stable or improved performance status. 
These "tumor marker responses" lasted for a median of 11.5 
weeks (range, 6.5-20.5 weeks). One additional patient, who had 
recurrent cholangiocarcinoma, exhibited a prolonged period of 
SD (radiographically, clinically, and via tumor markers) for 49 
weeks. 

Analysis of pS3 Status. Among the 1 9 evaluable patients, 
p53 status was analyzed by two methods. A positive signal on 
IHC indicates the presence of a mutation in the genome, which 
stabilizes the protein and increases the normally short half-life. 
This methodology was used and was informative in 17 of the 19 
patients, of whom 9 (52.9%) exhibited a positive signal for p53 
(Table 4). Affymetrix GeneChip uses microarray technology to 
analyze the entire coding region of p53 (exons 2-1 1). The 
microarray assay identifies missense mutations and single-base 
deletions and can identify mutant p53 in a background of 
wild-type p53. Eighteen of 19 patients had DNA samples that 
were informative by GeneChip analysis. Of these, 11 of 18 
(61.1%) demonstrated mutations in p53 (Table 4). When patient 
samples were analyzed for mutation in p53 by either IHC or 
Affymetrix, 15 of 18 (83.3%) samples were positive. Neverthe- 
less, there was poor correlation between the techniques: only 7 
of 17 (41.1%) samples analyzable and informative for both 
techniques were concordant (5 samples were positive by both 
techniques, and 2 samples were negative by both techniques). 
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Table 4 Correlation of response with pS3 si 
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OR, objective response; TMR, tumor marker response; Affy, Affymetrix GeneChi 
for p53 mutation; Concordance, both assays provide same results; Choi, cholangio 
bladder carcinoma; Hep, hepatocellular carcinoma; NE, not evaluable; Y, yes; N, 



ilysis; Either, either IHC or Affymetrix analysis positive 
i; Ampulla, carcinoma of the ampulla of Vater; GB, gall 



Correlation of p53 Status with Response. As shown in 
Table 4, it is difficult to correlate p53 status with response 
because 83.3% of patients had evidence of p53 abnormalities by 
at least one technique. However, it is interesting to note that the 
only radiographic response to this agent was seen in patient 1 1, 
who had only a borderline positive signal for p53 overexpres- 
sion (<1%) by IHC and no evidence of mutation by Affymetrix 
analysis. Patient 2, who had prolonged stabilization of disease, 
had no evidence for mutation in p53. Among the eight tumor 
marker responders, seven (patients I, 7, 8, 9, 13, 17, and 20) had 
specimens informative for p53 status by at least one method (six 
of eight specimens were informative for p53 status by IHC, and 
seven of eight were informative for p53 status by Affymetrix). 
Five of seven (71.4%) responders had a p53 mutation by at least 
one method (three of six had a p53 mutation by IHC, and six of 
seven had a p53 mutation by Affymetrix). Among the six 
evaluable patients who were neither tumor marker responders 
nor had a PR or prolonged stabilization (patients 3, 5, 6, 10, 18, 
and 19), six of six had a p53 mutation by one or both methods 
(three of six had a p53 mutation by EHC, and four of six had a 
p53 mutation by Affymetrix). 

To account for the absence of concordance between IHC 
and Affymetrix analysis, specific mutations were analyzed (Ta- 
ble 5). In patient 1, p53 was overexpressed, and a Q167E 
missense mutation was observed in a codon within the zinc- 
binding domain by microarray analysis. In patient 2, no aber- 
rancies in p53 were observed by either technique. In patients 3, 
5, and 15, no mutations were observed by microarray analysis, 
but overexpression of p53 was observed by IHC. In patients 4 
and 6, null mutations in regions before the p53 tetramerization 
domain, which were therefore likely inactivating mutations, 
were detected by microarray analysis in the absence of overex- 
pression by IHC. 



Patient 7 had three missense mutations, two within the 
S2-S2' p strand, with no overexpression of p53 by IHC. In 
patients 8 and 1 8, both a polymorphism and a missense mutation 
outside of a conserved region of the p53 genome were observed; 
in patient 8, this was associated with overexpression of p53 by 
IHC, but in patient 18, overexpression of p53 by IHC was not 
observed. Patient 9 had four missense mutations by microarray 
analysis in the absence of overexpression of p53 by IHC. Two 
mutations, S241C and R273P, were in bases that directly contact 
DNA, and one mutation, E286Q, was in the H2-helix region of 
the molecule. Patient 10, who was also without overexpression 
of p53, had a polymorphism and an E286Q mutation also in the 
H2-helix region. Patient 11 had no mutations detectable by 
microarray analysis and had borderline p53 overexpression 
(0.7 ± 1.1%) by IHC. 

Patient 14 had two missense mutations, one in conserved 
region IV and an R273P mutation in the p53 DNA binding 
region. Patient 1 7 had two missense mutations, one of which 
was also in region IV. Patient 19 had a sole missense mutation 
in R273P. Both patients also had overexpression of p53 by IHC. 

Patients with either a missense or null mutation in p53 by 
microarray analysis or overexpression of p53 by IHC were 
considered to have a mutation. Only two patients (patients 2 and 
20) demonstrated wild-type p53 by both techniques. Patient 1 1, 
who had a negative microarray analysis and overexpression of 
p53 in <1% of cells analyzed, was considered borderline pos- 
itive. 

Antiadenoviral Antibody Studies. The presence of Ad- 
specific antibody levels was evaluated by ELISA before 
ONYX-015 treatment in the first 14 patients enrolled on trial. 
All patients demonstrated Ad-specific antibodies. Eight of these 
patients were also evaluated for Ad-specific antibodies at 1-3 
weeks after their first treatment. Antibody levels increased by a 
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Table 5 Correlation of p53 mutation by IHC and Affymetrix analysis 
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mean of 33.2 ± 10.3% after treatment, consistent with other 
trials (22). No relationship between tumor marker decline and 
Ad-specific antibodies (either pretreatment level or posttreat- 
ment increase) was observed. 

Cell-mediated immune response was not formally meas- 
ured; however, in one patient with a biliary tumor who died, the 
autopsy specimen revealed dense lymphoid aggregates in the 
area of lymphatic drainage for the injection site (Fig. 2). No Ad 
was detectable by immunohistochemical staining in either the 
primary tumor or the lymphatic drainage in the liver. 

Analysis of Viral Shedding in Body Fluids. Posttreat- 
ment samples of serum, urine, and, where possible, ascites and 
biliary fluid were obtained from the first 14 patients enrolled on 
trial and assayed for viral shedding by CPE assay and PCR. 
Originally, we had planned to assay patient sputum; however, 
this strategy had to be abandoned due to the negligible amount 
of sputum produced by patients in the postinjection period. 

Fifty-five samples of patient urine were obtained from 
12 patients at various time points between 1 and 14 days 
postinjection of ONYX-015 and analyzed for viral shedding 
by CPE assay. No specimen showed any evidence of viral 
shedding. PCR was not performed on urine samples due to 



technical difficulties with the procedure. Two patients had 
biliary stents available for analysis of shedding into bile. 
Both had evidence of viral shedding into bile by PCR anal- 
ysis at 1-5 days after injection of ONYX-015. Of the four 
patients with ascites, two had positive CPE assays at 1-6 
days, and all four had evidence of virus by PCR analysis at 
1-9 days postinjection. 

DISCUSSION 

The most important finding of this study was that ONYX- 
015 can safely be administered intralesionally in patients with 
hepatobiliary tumors and that some patients had evidence of 
therapeutic effect as measured by radiological response, pro- 
longed stabilization of disease, or a >50% decrease in levels of 
tumor markers. Given the highly scirrhous histology of these 
tumors (Fig. I), biochemical evidence of response by measure- 
ment of declines in tumor markers may be a reasonable alter- 
native to radiographic measurement of response, although by no 
means are the two equivalent. The lack of serious toxicities in 
this population and the findings of a favorable clinical outcome 
in about half of the patients suggest that intralesional therapy 
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with ONYX-015, despite the cumbersome nature of the CT- 
guided injections, is nevertheless worth exploring further either 
as a single-agent therapy or in combination with cytotoxic 
agents for which there is evidence for synergy (3, 7, 22-25). 

Other than surgery or liver transplantation, there are few 
effective therapeutic options for patients with hepatobiliary tu- 
mors. One small trial of ONYX-015 (dll520) injection in pa- 
tients with hepatocellular carcinoma suggested some modest level 
of clinical benefit with minimal toxicities (27). Because most of the 
studies with ONYX-015 have been performed in patients with head 
and neck, ovarian, or pancreatic cancer, our trial was novel and 
suggests a clinical benefit in hepatobiliary tumors. Additional stud- 
ies should be considered in this group of patients. 

Despite the presumed selectivity of the virus for p53- 
mutated cells (essentially excluding normal tissues), the wide- 
spread prevalence of antiadenoviral antibodies in the normal pop- 
ulation, and the benign nature of adenoviral infection, horizontal 
transmission of virus is a concern with ONYX-015 therapy. The 
viral shedding studies, although limited, are therefore encouraging. 
Whereas we were unable to obtain adequate sputum for viral 
studies, the absence of viral shedding in the urine suggests effective 
systemic clearance of the virus. One concern, however, is the 
presence of virus in the bile; additional studies with stool samples 
may be warranted Shedding into ascites was also of interest, not in 
terms of horizontal transmission, but in terms of potential for 
antineoplastic effects against i.p. tumors. 



The nearly universal presence of antiadenoviral antibodies 
in our population demonstrates that the therapeutic effect of 
ONYX-015 is not necessarily compromised by intact humoral 
immunity, although in the absence of a comparable group of 
patients without preexisting antiadenoviral antibodies, it is not 
possible to definitively exclude an antibody-mediated decre- 
ment in the clinical activity of the virus. The efficacy of our 
approach may relate to the intralesional route of injection, which 
may compartmentalize the virus at least temporarily from the 
immune response. Alternatively, the ability of ONYX-015 to 
enter and replicate in tumor cells without immediately lysing 
them may create a sanctuary for viral replication within the 
p53-mutated or possibly even the p53 wild-type tumor cells. 
Thus, the bolus injection of concentrated virus directly into 
rumors may allow binding and entry of virus into tumor cells 
before the immune response can be mobilized, and virus may 
subsequently replicate intracellularly, spared from humoral or 
cell-mediated immune response. Data generated using in situ RT 
PCR analysis of ONYX-015 injected into two abdominal wall 
implants support this hypothesis (26). 

One controversial question regarding the utility of ONYX-. 
015 is the degree of selectivity for /?53-mutated cells. There is 
clear evidence that ONYX-015 can replicate in cells with wild- 
type p53 (3, 25, 28, 29). Others have argued, however, that the 
p53 pathways in these cells may be disrupted because of de- 
creased levels of pH^ or elevated levels of MDM2, which 
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could functionally inactivate p53 (30-32). There is also evi- 
dence that ONYX-015 can infect cells regardless of p53 status 
but can replicate more efficiently in piJ-mutated cells (33). 

To investigate the status of p53 in the patients enrolled in 
this trial, two methods of mutation detection were used, mi- 
croarray analysis using the Affymetrix Genechip, which has 
provided good agreement with direct manual sequencing (34), 
and IHC. A principal finding of our study was the absence of 
correlation between the microarray analysis and the IHC anal- 
ysis. Six patients with mutations detected by microarray analysis 
had no overexpression of p53 by IHC. Three had null mutations 
located before the tetramerization domain and would not be 
expected to produce functional proteins. Because IHC detects 
mutant proteins based on epitope recognition, truncated proteins 
may be missed with this method. The other three cases are more 
difficult to explain. Two patients had missense mutations in 
codons for amino acids in direct contact with the DNA binding 
domain or in the H2-helix regions, which are likely inactivating 
lesions. This is confirmed by clinical studies in which patients 
with missense mutations . in the protein-DNA binding domain, 
H2-helix, or loop structures had a substantially worse prognosis 
than patients with wild-type p53 (35). The fifth patient had both 
a polymorphism and a missense mutation outside a conserved 
region and had no overexpression of pS3 by IHC. These patients 
also tend to have a worse prognosis than patients with wild-type 
p53 but have an improved prognosis when compared with 
patients with mutations in the conserved regions (35). There 
were also three patients with overexpression of p53 ranging 
from 12.4-19.6% of analyzed cells, who did not have mutations 
detected by microarray analysis. Because the GeneChip algo- 
rithm is not optimized for detection of intragenic deletions or 
insertions, this is the likely explanation for this observation (36). 

One interesting finding from this study is that 3 of 18 
patients had identical g->c mutations in codon 273, substituting 
a proline for an arginine. This R273P mutation was of interest 
for several reasons: (a) mutations at codon 273 are the most 
common mutations in p53; (b) the arginine at 273 is one of the 
amino acids in direct contact with DNA in the DNA-protein 
binding region of p53; and (c) the fact that this mutation oc- 
curred in nearly 19% of patients, a rate that appeared to be 
higher than that which would have occurred by chance. Two 
databases of p53 mutations, one from the WHO, which listed 
15,329 mutations (IARC TP53 mutation database; 5 IARC, 
WHO, Lyon, France), and one from the Institut Curie, which 
listed 14,969 mutations (T. Soussi, C. Gallou, and C. Beroud, 
p53 database, 6 Laboratoire de Genatoxicologie des Tumeurs, 
Institut Curie, Paris, France) failed to correlate the R273P mu- 
tation with tumors of the liver, gall bladder, or bile duct, and 
several studies of patients with hepatobiliary tumors failed to 
demonstrate the presence of this mutation (37-39). This obser- 
vation may indicate a novel p53 mutation but will require 
confirmation by direct sequencing. 

In summary, our study showed that intralesional injection 
of ONYX-015 in patients with hepatobiliary tumors was safe 



5 www.iarc.fr/p53/index.html. 

6 www.p53.curie.fr. 



and well tolerated. Over half of the patients had some evidence 
of clinical benefit, despite the universal presence of antiadeno- 
viral antibodies before treatment. Although limited, shedding 
studies showed no risk for horizontal transmission of virus, 
making this therapy applicable to the clinic. Finally, mutations 
in p53 were detected in >80% of patients who received treat- 
ment by at least one of two methods, making any decision about 
the necessity of p53 mutation for viral replication moot. The 
absence of concordance between IHC and the Affymetrix 
GeneChip array analysis was a concern for future studies, and 
neither may provide the ultimate answer (40). Additional studies 
to explore the best way to analyze p53 are warranted. 
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Repeated intravesical instillations of an adenoviral vector in 
patients with locally advanced bladder cancer: a phase I study 
of p53 gene therapy. 

Pagliaro LC, Keyhani A, Williams D, Woods D, Liu B, Perrotte P, Slaton 
JW, Merritt JA, Grossman HB, Dinney CP. 

Department of Genitourinary Medical Oncology, Box 427, The University of 
Texas M.D. Anderson Cancer Center, 1515 Holcombe Boulevard, Houston 
TX 77030-4009, USA. lpagliar@mdanderson.org 

PURPOSE: We investigated the feasibility, safety, and biologic activity of 
adenovirus-mediated p53 gene transfer in patients with locally advanced 
bladder cancer. PATIENTS AND METHODS: Patients with measurable, 
locally advanced transitional-cell carcinoma of the bladder who were not 
candidates for cystectomy were eligible. On a 28-day cycle, intravesical 
instillations of INGN 201 (Ad5CMV-p53) were administered on days 1 and 4 
at three dose levels (10(10) particles to 10(12) particles) or on either 4 or 8 
consecutive days at a single dose level (10(12) particles). RESULTS: Thirteen 
patients received a total of 22 courses without dose-limiting toxicity. Specific 
transgene expression was detected by reverse transcriptase polymerase chain 
reaction in bladder biopsy tissue from two of seven assessable patients. There 
were no changes in p53, p21wafl/cipl, or bax protein levels in bladder 
epithelium evident from immunohistochemical analysis of 1 1 assessable 
patients. Outpatient administration of multiple courses was feasible and well 
tolerated. A patient with advanced superficial bladder cancer showed evidence 
of tumor response. CONCLUSION: Intravesical instillation of Ad5CMV-p53 
is safe, feasible, and biologically active when administered in multiple doses to 
patients with bladder cancer. Observations from this study indicate that this 
treatment has an antitumor effect in superficial transitional-cell carcinoma. 
Improvements in the efficiency of gene transfer and the levels of gene 
expression are required to develop more effective gene therapy for bladder 
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Development of vaccines against self-antigens: the p53 
paradigm. 
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Active immunotherapy using dendritic cells (DCs) to deliver tumor antigens 
has generated considerable excitement among oncologists worldwide. 
Although most tumor antigens used in immunotherapeutic approaches are 
tumor-associated, often, little is known about the underlying biology of the 
target. Here, we review the use of 'obligate' tumor antigens, where antigen 
expression is a prerequisite for tumor formation or maintenance. The prototype 
for this class of antigens is the p53 tumor antigen, which is mutated in > 50% 
of human malignancies. The direct involvement of p53 in the malignant 
transformation of tumors makes it an attractive target for immunotherapy. 
p53-Reactive antibodies have been found in patients with various types of 
cancer, demonstrating that the human immune system can recognize and 
respond to tumor-associated p53. Extensive preclinical experimentation has 
now validated the translation of p5 3 -expressing DCs into a clinical setting. 
Clinical trials are ongoing to evaluate the safety and antitumor responses 
elicited by DCs transduced with adenoviral-p53 in cancer patients. 
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